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F O R E W O R D 

The R e a c t o r D e v e l o p m e n t P r o g r a m P r o g r e s s R e p o r t , i s s u e d 
m o n t h l y , i s i n t ended to be a m e a n s of r e p o r t i n g t h o s e i t e m s 
of s ign i f i can t t e c h n i c a l p r o g r e s s which have o c c u r r e d in 
both the spec i f i c r e a c t o r p r o j e c t s and the g e n e r a l e n g i n e e r ­
ing r e s e a r c h and d e v e l o p m e n t p r o g r a m s . The r e p o r t i s o r ­
g a n i z e d in a way which , it i s hoped , g ives the c l e a r e s t , m o s t 
l o g i c a l o v e r - a l l v iew of p r o g r e s s . The budge t c l a s s i f i c a t i o n 
i s fol lowed only in b r o a d ou t l ine , and no a t t e m p t i s m a d e to 
r e p o r t s e p a r a t e l y on each s u b - a c t i v i t y n u m b e r . F u r t h e r , 
s i n c e the in t en t i s to r e p o r t only i t e m s of s ign i f i can t p r o g ­
r e s s , not a l l a c t i v i t i e s a r e r e p o r t e d e a c h m o n t h . In o r d e r 
to i s s u e th i s r e p o r t a s soon a s p o s s i b l e a f te r the end of the 
m o n t h e d i t o r i a l w o r k m u s t n e c e s s a r i l y be l i m i t e d . A l s o , 
s i n c e th i s i s an i n f o r m a l p r o g r e s s r e p o r t , the r e s u l t s and 
da t a p r e s e n t e d shou ld be u n d e r s t o o d to be p r e l i m i n a r y and 
sub jec t to change u n l e s s o t h e r w i s e s t a t e d . 

The i s s u a n c e of t h e s e r e p o r t s i s not i n t ended to c o n s t i t u t e 
p u b l i c a t i o n in any s e n s e of the w o r d . F ina l r e s u l t s e i t h e r 
wi l l be s u b m i t t e d for pub l i ca t i on in r e g u l a r p r o f e s s i o n a l 
j o u r n a l s or wi l l be pub l i shed in the f o r m of A N L t o p i c a l 
r e p o r t s . 

The l a s t s ix r e p o r t s i s s u e d 
in th i s s e r i e s a r e : 

June 1961 A N L - 6 3 8 7 

Ju ly 1961 A N L - 6 3 9 9 
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S e p t e m b e r 1961 A N L - 6 4 3 3 

O c t o b e r 1961 A N L - 6 4 5 4 

N o v e m b e r 1961 A N L - 6 4 7 3 
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I. WATER C O O L E D R E A C T O R S (040101) 

A. G e n e r a l R e s e a r c h and D e v e l o p m e n t 

1 . I r r a d i a t i o n S tud ies 

a. _ P o s t i r r a d i a t i o n Annea l ing of A l - 1 7 w / o U Al loy and A l - 3 9 w / o 
(UjOs) D i s p e r s i o n - T h e r e a r e m a n y c r i t e r i a for judging p o t e n t i a l r e a c t o r 
fuel m a t e r i a l s . One c h a r a c t e r i s t i c which i s c o m m o n to a l l i s d i m e n s i o n a l 
s t a b i l i t y u n d e r i r r a d i a t i o n . Since m e t a l l i c fuels exh ib i t a t e m p e r a t u r e a t 
which l a r g e v o l u m e i n c r e a s e s o c c u r in a r e l a t i v e l y s h o r t t i m e , i . e . , the 
swe l l ing t e m p e r a t u r e , o p e r a t i o n a t or above th i s t e m p e r a t u r e i s not f e a s i b l e . 
The useful o p e r a t i n g t e m p e r a t u r e can be ex t ended by s u i t a b l e c l add ing o r 
j a c k e t i n g of the fuel c o r e . H o w e v e r , t h e r e a r e p r a c t i c a l l i m i t a t i o n s on the 
amoun t of r e s t r a i n t tha t can be i n c o r p o r a t e d into a fuel e l e m e n t d e s i g n . 
Thus a knowledge of the swe l l ing t e m p e r a t u r e l i m i t a t i o n s of the fuel i s 
e s s e n t i a l . 

In o r d e r to ob ta in th i s type of i n f o r m a t i o n on s o m e a l u m i n u m -
b a s e fuels a s e r i e s of annea l i ng s t u d i e s on i r r a d i a t e d A l - 1 7 . 5 w / o U a l l oy 
and A l - 3 9 w / o UjOg d i s p e r s i o n coupons was i n i t i a t e d . The d i s p e r s i o n s p e c ­
i m e n s had b e t w e e n 0.0005 in . and 0.003 in . of a l u m i n u m c ladd ing on two 
f aces of the coupons and none on the e d g e s . The a l loy s p e c i m e n s w e r e c lad 
with a p p r o x i m a t e l y 3^ in . of a l u m i n u m on t h e i r f ace s a n d ^ ^ i n . on two e d g e s , 
the r e m a i n i n g two e d g e s hav ing no r e s t r a i n t . The annea l i ng s t u d i e s w e r e 
conduc t ed in a sa l t b a t h . 

The da t a i n d i c a t e tha t for b u r n u p s equa l to or l e s s than 
1 .6 X 10^° f i s s / c c , the A l - 1 7 . 5 w / o U a l loy s p e c i m e n s c lad with j j in . of 
a l u m i n u m h a v e e x c e l l e n t r e s i s t a n c e to swe l l ing at t e m p e r a t u r e s up to 5 5 0 ° C . 
H o w e v e r , for s p e c i m e n s with b u r n u p s of 5.5 x l O " f i s s / c c swe l l ing does 
o c c u r a t 550 C. 

F o r the A l - 3 9 w / o (UjOg) d i s p e r s i o n s p e c i m e n s the da ta a l s o 
i n d i c a t e e x c e l l e n t r e s i s t a n c e to swel l ing for b u r n u p s equa l to or l e s s than 
1 .35 X 10^° f i s s / c c and t e m p e r a t u r e s up to 5 0 0 ° C . 

B. EBWR 

1 . 100 Mw Modi f i ca t ions 

a. R e b o i l e r s - I n s u l a t i o n of the p r i m a r y r e b o i l e r s , p ip ing , and 
a u x i l i a r y e q u i p m e n t h a s b e e n c o m p l e t e d . It i s e x p e c t e d tha t the r e b o i l e r 
p lan t VAU be r e a d y to o p e r a t e the f i r s t week of J a n u a r y 1962. 



b . Instrument_atu3n and C o n t r o l - A c h e c k o u t of the i n s t r u m e n t a t i o n 
and con t ro l s y s t e m s of the r e b o i l e r bu i ld ing is in p r o g r e s s . P n e u m a t i c c o n ­
t r o l s y s t e m s a r e being c h e c k e d for p r o p e r func t iona l o p e r a t i o n and a d j u s t e d 
for m i d - r a n g e c o n t r o l p o i n t s . A n n u n c i a t o r l i m i t s w i t c h e s a r e be ing c h e c k e d 
for p r o p e r s e t t i n g s . 

c. Change of Con t ro l Rods - The fueled fo l lower c o n t r o l r o d s w e r e 
r e p l a c e d with r o d s having Z i r c a l o y - 2 f o l l o w e r s . T h i s r e p l a c e m e n t was m a d e 
in o r d e r to i m p r o v e h y d r o d y n a m i c cond i t i ons by e l i m i n a t i n g i n s t a b i l i t y tha t 
m a y have a r i s e n f r o m insuff ic ient cool ing of the fueled f o l l o w e r s . 

2. E x p e r i m e n t a l Equ ipmen t 

a. T r a n s f e r Func t ions - A s t a r t - s t o p log ic c i r c u i t h a s b e e n d e s i g n e d 
to o p e r a t e the analog c o m p u t e r s to be u s e d in EBWR d y n a m i c s s t u d i e s . A 
m a n u a l con t ro l wil l be able to s t a r t both the ana log and the d i g i t a l un i t a t the 
beginning of a cycle and s top af ter a d e s i r e d n u m b e r of c y c l e s . The ana log 
c o m p u t e r will be swi tched to a " c o m p u t e " mode a t the s t a r t of o p e r a t i o n , and 
to a "hold" mode to a l low r e c o r d i n g when it s t o p s . A c lock o p e r a t e d by the 
c o m p u t e r i s u s e d to ind ica te to ta l comput ing t i m e . The t e s t c i r c u i t h a s been 
built and t e s t e d . 

b . Neu t ron Flux Di s t r i bu t ion in EBWR - Des ign of the m o d i f i c a t i o n 
of the E a s t I n s t r u m e n t Nozzle h a s been c o m p l e t e d (see P r o g r e s s R e p o r t , 
N o v e m b e r , 1961, ANL-6473) and f a b r i c a t i o n of c o m p o n e n t s h a s b e e n i n i t i a t ed . 

A mach ine for f ab r i ca t i ng l eng ths of b e a d c h a i n \vith s p e c i a l s e g ­
m e n t s conta ining flux m e a s u r i n g foils h a s been bu i l t . C h a i n s c o n t a i n i n g cobal t 
and gold mon i to r ing m a t e r i a l s at f ixed i n t e r v a l s a r e be ing p r e p a r e d for use 
in EBWR. 

It h a s been found that tubing loops t h rough the r e a c t o r can be 
r e t h r e a d e d with bead chain should a b r e a k in the cha in o c c u r . A d e v i c e h a s 
been c o n s t r u c t e d which u s e s a i r p r e s s u r e to a c c o m p l i s h the r e t h r e a d i n g 
ope ra t i on . 

c. D e m i s t e r T e s t - Af ter one week o p e r a t i o n in a s t e a m loop , a 
s t a i n l e s s s t ee l wi re m e s h d e m i s t e r s a m p l e showed c o n s i d e r a b l e f r a c t u r i n g 
of the wi re m e s h . 

C. BORAX-V 

1 • Ins t a l l a t ion of R e a c t o r and C o m p o n e n t s 

Fol lowing comple t i on of the f i r s t p h a s e of p r e o p e r a t i o n a l t e s t i n g on 
the r e a c t o r s y s t e m s at o p e r a t i n g t e m p e r a t u r e (489° F) and p r e s s u r e (600 p s ig ) , 
the r e a c t o r v e s s e l head , boi l ing c o r e s t r u c t u r e and o t h e r r e a c t o r v e s s e l i n ­
t e r n a l s ( s t e a m c o l l e c t o r , f e edwa te r s p a r g e r , c o n t r o l - r o d - d r i v e n o z z l e s h i e l d 
p lugs , and s u p e r h e a t e d s t e a m nozz l e c a p s ) w e r e rpmt>*-»d, • . 

file:///vith


The 24- junc t ion d o w n c o m e r d i f f e r en t i a l t e m p e r a t u r e t h e r m o p i l e , 
3 r e a c t o r w a t e r and 2 s t e a m t e m p e r a t u r e t h e r m o c o u p l e s , 3 c a p s u l e s c o n ­
ta in ing r e a c t o r - v e s s e l - s t e e l s a m p l e s with i n t e g r a l m o n i t o r i n g t h e r m o ­
c o u p l e s , and a t h i m b l e for r e a c t o r v e s s e l flux m o n i t o r s w e r e i n s t a l l e d on 
the e a s t wal l of the r e a c t o r v e s s e l . P l a c e m e n t of t h e s e i t e m s c o m p l e t e d 
the i n s t a l l a t i o n of p e r m a n e n t i n - v e s s e l i n s t r u m e n t s . F i g u r e 1 shows the 
r e a c t o r v e s s e l with t h e s e i t e m s i n s t a l l e d . R e c o r d e r s a s s o c i a t e d with the 
above t e m p e r a t u r e and p r e s s u r e d e t e c t o r s a r e i n s t a l l e d , and the w i r i n g 
and e x t e r n a l i n s t r u m e n t piping is n e a r i n g c o m p l e t i o n . Cooling w a t e r l i n e s 
for the d o w n c o m e r D P p r o b e s w e r e c o m p l e t e d and h y d r o t e s t e d . 

Figure 1 

Interior of Reactor Vessel with Permanent In-Vessel Instruments Installed. 

The r e a c t o r v e s s e l i n t e r i o r , f o r c e d - c o n v e c t i o n s y s t e m in le t and 
out le t n o z z l e s and p ip ing , c o n t r o l rod d r ive n o z z l e s and p lugs , and the 
f o r c e d - c o n v e c t i o n pump c a s i n g w e r e swabbed and f lushed to r e m o v e the 
r e s i d u a l r u s t f i lm and loose p a r t i c l e s r e s u l t i n g f r o m o p e r a t i o n at 
t e m p e r a t u r e . 

All n ine c o n t r o l rod d r ive m e c h a n i s m s , s e a l s and dashpo t h o u s i n g s 
w e r e r e m o v e d , d i s a s s e m b l e d and c l e a n e d . The va lve d i sc and s e a t in the 
dashpo t hous ing was r e g r o u n d , and l e a k - t e s t e d s a t i s f a c t o r i l y . The s e a l 
w a t e r leakoff tubing h a s been r e v i s e d to a c c o m m o d a t e t h e r m o c o u p l e s for 
m o n i t o r i n g the t e m p e r a t u r e of e a c h s e a l . 
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The boil ing c o r e s t r u c t u r e and the l o w e r f e e d w a t e r s p a r g e r and 
fo r ced -convec t i on baffle w e r e r e i n s t a l l e d in the r e a c t o r v e s s e l . The c o n ­
t r o l rods of the o r ig ina l de s ign , to be u s e d for the in i t i a l cold c r i t i c a l 
ope ra t ion with the boil ing c o r e , w e r e r e c e i v e d , s t r a i g h t e n e d ( see be low) 
fitted to the dashpot l a t c h e s , and i n s t a l l e d in the c o r e s t r u c t u r e . F i g u r e 2 
cv,^,.,= = con t ro l rod being i n s t a l l e d . The c o n t r o l r od d r i v e d a s h p o t s , 

s e a l s , m e c h a n i s m s , s e l s y n s , d r i v e 
m o t o r a s s e m b l y and a s s o c i a t e d p ip ing , 
tubing and w i r i n g w e r e r e i n s t a l l e d , 
c o n n e c t e d to c o n t r o l r o d s , a d j u s t e d 
and c h e c k e d out . 

The r e a c t o r v e s s e l was f i l led 
with w a t e r , and the Sb -Be s o u r c e was 
i n s t a l l e d in the r e a c t o r and u s e d to 
check out the two i n - c o r e load ing 
coun te r c i r c u i t s and the five p e r m a -
nent n u c l e a r i n s t r u m e n t c h a n n e l s . With 
the r e c e i p t of an add i t i ona l 2,025 b o i l ­
ing fuel r o d s (a to ta l of 2,425 r o d s a r e 
now on hand at the r e a c t o r s i t e ) the 
r e a c t o r i s t e c h n i c a l l y r e a d y to beg in 
loading for in i t i a l cold c r i t i c a l s on 
s h o r t n o t i c e . 

Boiling Core Structure In Place. Control Rod 

Being Installed. While awai t ing h a z a r d s a p p r o v a l , 
mod i f i ca t ions and p r e o p e r a t i o n a l t e s t i n g 
in p r e p a r a t i o n for power o p e r a t i o n a r e 

continuing. The f o r c e d - c i r c u l a t i o n piping h a s been c o n n e c t e d in p r e p a r a t i o n 
for the m e a s u r e m e n t of flow d i s t r i bu t ion a c r o s s the c o r e u n d e r f o r c e d c i r ­
culat ion condi t ions . At the sugges t ion of the AEC, Div i s ion of L i c e n s i n g 
and Regulat ion, the t ime r e q u i r e d to open the f o r c e d - c o n v e c t i o n s y s t e m 
d i s cha rge valve has been changed f rom one to two m i n u t e s by i n s t a l l i n g a 
ha l f - speed moto r on the valve o p e r a t o r . 

Ins ta l la t ion of an addi t ional 168 kw to the e l e c t r i c a l p r e h e a t i n g s y s ­
t e m in the fo rm of s t r i p h e a t e r s on the a u x i l i a r y w a t e r piping h a s s t a r t e d . 
Conduit and t e r m i n a l boxes have been i n s t a l l e d . Th i s m a k e s a t o t a l of 
312 kw of e l e c t r i c a l p rehea t ing and should r e d u c e the t i m e r e q u i r e d to 
achieve opera t ing t e m p e r a t u r e and p r e s s u r e to l e s s than 15 h o u r s u n d e r 
n a t u r a l c i r cu la t ion cond i t ions . Modif icat ion of the b o r o n t ank piping and 
heat ing s y s t e m to i m p r o v e t e m p e r a t u r e d i s t r i b u t i o n is a l s o in p r o g r e s s . 
Leaking valve packings and valve s e a t s d i s c o v e r e d in the a t - t e m p e r a t u r e 
t e s t s have been r e p a i r e d or r e p l a c e d . 
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To help keep water off the control rod drive mechanisms, low coam­
ings have been installed around each pipe or nozzle hole in the floor of the 
reactor pit, except one which was converted to a drain. Also, a protective 
"rain cap" cover with drain has been installed over each rod-dr ive position-
indicating selsyn. For proper functioning of the reactor pit ventilation s y s ­
tem, debris has been removed from the piping sleeves in the floor of the 
reactor pit. 

An exhaust fume hood was installed on the regenerating tank of the 
makeup water demineral izer and a resin catch screen on the inlet to the 
makeup water storage tank. 

The TV system for remotely observing the reac to r -wate r - l eve l 
sight glass and p ressu re gauge has been installed and is operative. The 
ampl i f ier -scaler circuit for two in-core loading counters has been installed. 

2. Procurement and Fabrication 

a. Superheater Fuel - Of the 380 central superheater enriched 
plates received at Argonne, Illinois, 190 Type HCE (half-enriched central) 
have been inspected with only two rejected and 76 Type FCE (fully-enriched 
central) have thus far been inspected with no reject ions. Two hundred s ix­
teen Type HPE (half-enriched peripheral) plates have also been received 
and 80 Type FCE plates have been fabricated and are being inspected at the 
supplier 's plant. 

Dilatometry tes ts have been completed on eight samples cut from 
assembly development plates . Data from the resultant curves are being ana­
lyzed to determine the thermal expansion coefficient and to compare the ex­
pansion of fuel plates containing dispersion type core mater ia l with Type 304 
stainless steel and the Type 304-L cladding mater ia l , 

A successful braze of three , 4-plate superheater fuel elements 
using plates containing depleted UOj was made in one fixture. One of these 
fuel elements is being autoclaved to check for warpage. Another was s e c ­
tioned to inspect brazed joints. The brazes and spot welds between spacer 
wires and fuel plates were found to be excellent. The brazed joints between 
fuel plate edges and side plate grooves were found to have an occasional 
small (—in.) unbrazed gap. These gaps were too few to affect the strength 
of the element. 

The newly installed Glo-Bar furnace was used for this brazing. 
A second furnace has a r r ived and installation has begun. Prepara t ions are 
being made to t ry a five-element braze with a more rapid cool-down cycle. 
With the exception of the Inconel-X hold-down springs, all non-fueled com­
ponents of the superheater fuel assemblies have been completed or received 
from vendors and are ready for assembly. 



A t h i r d t w o - w e e k c o r r o s i o n t e s t in 300°C w a t e r on 12 a s s e m b l y 
deve lopmen t p l a t e s h a s been c o m p l e t e d . Of m a i n c o n c e r n in t h e s e t e s t s w a s 
the p r e s e n c e of r u s t spo t s which e n c i r c l e d p i t t ed a r e a s . The e x t e n t of r e ­
ac t ion a r o u n d t h e s e a r e a s a f te r the t h i r d t e s t w a s no m o r e s e v e r e t h a n a f t e r 
the f i r s t t e s t . After each of the f i r s t two t e s t s a g iven n u m b e r of c o r r o d e d 
a r e a s w e r e s c r a p e d c l e a n . Subsequen t t e s t s showed no a d d i t i o n a l a t t a c k a t 
t h e s e a r e a s thus ind ica t ing tha t the r e a c t i o n i s s u p e r f i c i a l . 

Tes t ing of s t a i n l e s s s t e e l s of i n t e r e s t ( T y p e s 304, 316, 347 and 
406) h a s cont inued in s u p e r h e a t e d s t e a m at 650°C and 600 p s i , g e n e r a t e d 
f r o m high pu r i t y wa t e r with an in i t i a l oxygen con t en t of abou t 27 p p m (effluent 
con ta ins about 20 ppm) . M a x i m u m e x p o s u r e to da te i s about 25 d a y s . T h e r e 
a r e ind ica t ions that the c o r r o s i o n r a t e i s d e c r e a s i n g wi th e x p o s u r e t i m e . 

b . R e a c t o r Componen t s - Nine boi l ing c o r e c o n t r o l r o d s of the o r i g ­
inal des ign w e r e c o m p l e t e l y a s s e m b l e d , i n s p e c t e d a n d s h i p p e d t o Idaho a long 
with two s p a r e poison s e c t i o n s . P r o c u r e m e n t of m a t e r i a l s for s u p e r h e a t i n g 
co re con t ro l r o d s of r e v i s e d des ign was c o m p l e t e d and f a b r i c a t i o n of the end 
c l o s u r e p i ece s h a s s t a r t e d . 

Nine 17-4 PH s t a i n l e s s s t e e l c o n t r o l r od e x t e n s i o n sha f t s have 
been given final hea t t r e a t i n e n t , c e n t e r l e s s g round , and a r e now r e a d y for 
c h r o m e pla t ing and f inish honing . 

Another ho ld -down Be l l ev i l l e s p r i n g for the n a t u r a l c o n v e c t i o n 
c o r e s t r u c t u r e h a s been f a b r i c a t e d f r o m 17-4 PH s t a i n l e s s s t e e l and h a s 
been c a l i b r a t e d for loads up to 30,000 l b . To ad jus t the B e l l e v i l l e s p r i n g 
def lect ion, 0.040 in. was m a c h i n e d f rom the l o w e r S te l l i t e o v e r l a i d b e a r i n g 
r i n g . 

c E x p e r i m e n t a l Componen t s - M e c h a n i c a l a s s e m b l y of the dup lex 
flux wi re coun te r i s e s s e n t i a l l y c o m p l e t e d and f a b r i c a t i o n of e l e c t r o n i c c o m ­
ponents i s well advanced . The l i n e r and tank for the BORAX V e x p o n e n t i a l 
e x p e r i m e n t a r e being modif ied to fit in T R E A T . 

To da te , seven h i g h - t e m p e r a t u r e T a - s h e a t h e d W - W / 2 6 % Re t h e r ­
mocoup le s have been succes s fu l l y b r a z e d into boi l ing t h e r m o c o u p l e r o d s . 
The UO2 in t he se rods was d e g a s s e d by hea t ing in a v a c u u m and the r o d s 
purged and filled with a p u r e He a t m o s p h e r e d u r i n g the w e l d i n g and b r a z i n g 
o p e r a t i o n . It is hoped that the Ta t h e r m o c o u p l e s h e a t h wi l l s u r v i v e b e t t e r 
under these condi t ions at high t e m p e r a t u r e s . With the e x c e p t i o n of the 
l a t c h e s for the exit flow m e t e r s , a l l o the r c o m p o n e n t s for the i n s t r u m e n t e d 
boil ing fuel a s s e m b l i e s a r e c o m p l e t e d . F a b r i c a t i o n of s p e c i a l p i lo t t u b e s 
for the f o r c e d - c i r c u l a t i o n c o r e flow d i s t r i b u t i o n t e s t s w a s c o m p l e t e d . F a b ­
r i ca t ion of the f i s s ion p roduc t m o n i t o r for s u p e r h e a t e d s t e a m i s n e a r l y c o m ­
p le te . F a b r i c a t i o n of the r e m o t e l y c o n t r o l l e d r e a c t o r - v e s s e l - s t e a m - d o m e 
sampl ing p robe h a s s t a r t e d . 



13 

3. Des ign 

When the nine c o n t r o l r o d s of the o r i g i n a l d e s i g n w e r e r e c e i v e d at 
the r e a c t o r s i t e , t h e y w e r e found to be s l i gh t ly ben t (as a r e s u l t of hand l ing 
and f r ee s t o r a g e ) in the 3 in . a l u m i n u m c r u c i f o r m e x t e n s i o n s e c t i o n . The 
c a l c u l a t e d m a x i m u m hand l ing o r h o r i z o n t a l s t o r a g e s t r e s s on th i s s e c t i o n 
IS only about 2,000 ps i which , u n e x p e c t e d l y , i s a p p a r e n t l y too high for the 
soft X-8001 a l u m i n u m . Th i s a l loy h a s a r e p o r t e d y ie ld s t r e n g t h of 18,700 ps i 
a t r o o m t e m p e r a t u r e . The d e s i g n of the new s u p e r h e a t i n g c o r e c o n t r o l r o d s 
i s be ing r e v i s e d to e l i m i n a t e t h i s 3 - in . a l u m i n u m s e c t i o n by ex tend ing the 
3 in . s t a i n l e s s s t e e l c r u c i f o r m s e c t i o n up to the 14 - in . a l u m i n u m fo l lower 
with the m e c h a n i c a l jo in t on the f o l l o w e r . 

D e t a i l e d d e s i g n con t i nued on the o s c i l l a t o r r od d r i v e , the fuel r od 
g a m m a scann ing m a c h i n e and the i n - c o r e flux m o n i t o r i n g t h i m b l e s . De t a i l ed 
d e s i g n was s t a r t e d on the r e m o t e l y c o n t r o l l e d r e a c t o r - v e s s e l - s t e a m - d o m e 
s a m p l i n g p r o b e which wi l l a l s o be u s e d du r ing i n i t i a l co ld and hot z e r o 
power o p e r a t i o n to i n s e r t and w i t h d r a w the Sb s o u r c e f r o m the Be c y l i n d e r 
in the c o r e . 

As a r e s u l t of the a p p a r e n t h igh c o r r o s i o n and s c a l i n g r a t e r e c e n t l y 
r e p o r t e d on Type 304 L s t a i n l e s s s t e e l in 1 ,200°F s u p e r h e a t e d s t e a m c o n ­
ta in ing 30 c c / l i t e r of O2, a s tudy h a s been i n i t i a t e d to s e e k a m e a n s of g r e a t l y 
r e d u c i n g the oxygen con ten t of the s a t u r a t e d s t e a m in the r e a c t o r s t e a m dome 
be fo re i t e n t e r s the s u p e r h e a t e r fuel a s s e m b l i e s . The f e a s i b i l i t y of a full 
flow, i n - v e s s e l , c a t a l y t i c r e c o m b i n e r i s be ing f i r s t i n v e s t i g a t e d . 

The p r o p o s a l to r u n a s u b c r i t i c a l e x p o n e n t i a l e x p e r i m e n t on 
BORAX V fuel for s tudy and c a l i b r a t i o n of s t e a m void m e a s u r i n g t e c h n i q u e s 
h a s b e e n r e d r a f t e d to m e e t the s p e c i a l r e q u i r e m e n t s of the T R E A T fac i l i t y . 
It was shown tha t an a d e q u a t e and safe a s s e m b l y can be a c h i e v e d with 
349 fuel p ins in a c y l i n d r i c a l a r r a y s u r r o u n d e d with c a d m i u m . 

P r e v i o u s c a l c u l a t i o n s m a d e for v a r i o u s o p e r a t i n g c o n d i t i o n s a r e 
be ing c r i t i c a l l y e x a m i n e d in o r d e r to e s t a b l i s h the r a n g e of p r o b a b l e 
e p i t h e r m a l - t o - t h e r m a l flux r a t i o s . 

A c r i t i c a l i t y a n a l y s i s of the s u p e r h e a t e r fuel s t o r a g e r a c k i s be ing 
m a d e . The p r e s e n t p lan c a l l s for the c o n s t r u c t i o n of 45 c a d m i u m - l i n e d 
b o x e s to be i n s t a l l e d in the old BORAX r e a c t o r v e s s e l . 

A s e r i e s of PDQ ce l l p r o b l e m s w e r e r u n in o r d e r to e x a m i n e the 
effect of v a r i o u s a s s u m p t i o n s u s e d in the c o n t r o l r o d w o r t h c a l c u l a t i o n s . 
T h e s e a r e b a s e d on a uni t c e l l c o n s i s t i n g of four h o m o g e n i z e d bo i l ing fuel 
a s s e m b l i e s s u r r o u n d e d with e i t h e r s t e e l and w a t e r , B o r a l , o r an a l u m i n u m 
fo l lower and w a t e r . The r e d u c t i o n of r o d w o r t h by r e p l a c i n g a c o r n e r fuel 
r o d with a b o r o n - s t a i n l e s s s t e e l r od i s r e p r e s e n t e d by h o m o g e n i z i n g the 
c o m p o s i t o n in an e q u i v a l e n t , but s m a l l s q u a r e a r e a . The c o r r e s p o n d i n g 
cici 'nva.lM' ' ' "'•p c '̂̂ f'̂  in Tab le I , 
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Table I E i g e n v a l u e s of 3 - G r o u p PDQ C o n t r o l - C e l l P r o b l e m s 

E q u i v a l e n t keff 

Cel l Condi t ions kgff c e l l for bo i l ing c o r e * 

1.2803 1.229 

0 .9365 

1. A l u m i n u m fol lower and w a t e r s u r r o u n d i n g 

ce l l , cold, no po ison r o d s 

2. Cont ro l rod m a t e r i a l and w a t e r s u r r o u n d ­
ing ce l l , cold, no poison r o d s . E x t r a p o l a ­
t ion length , 2.15 c m 

3. Cont ro l rod m a t e r i a l and wa t e r s u r r o u n d ­
ing ce l l , cold, B ' ° s m e a r e d in fuel r e g i o n 
(Same compos i t i on as u s e d p r e v i o u s l y to 
give a kgff of 1 .03 hot and 15% a v e r a g e 
vo ids . ) Ext . length into c o n t r o l rod , 
d = 2,15 c m 0 .9468 0 .874 

4 . Cont ro l rod m a t e r i a l and wa t e r s u r r o u n d ­
ing ce l l , b o r o n - S . S rod in c o r n e r , cold 0.9332 

5. Fo l lower and wa t e r s u r r o u n d i n g ce l l , 
b o r o n - S . S . rod in c o r n e r , cold 1 .264 

6. L o g a r i t h m i c boundary on c o n t r o l r od 
b a s e d on r a t i o of l eakage f lux - to - f lux 
f rom SNG de ta i l ed s l ab p r o b l e m and a p ­
pl ied in e p i t h e r m a l and t h e r m a l g r o u p s , 
[Compare with (2),] 0,9209 

7. Boi le r ce l l , hot 15% vo ids , c o n t r o l rod and 
s u r r o u n d i n g , d = 2.15 c m 0.8808 

* C o r r e s p o n d i n g va lue s for r e a c t o r p r o b l e m s 

4. Deve lopment and Tes t i ng 

a. Cont ro l Rods - Deve lopmen t work con t i nued on the d i m p l e d 
cladding concept of the r e v i s e d c o n t r o l r od d e s i g n . The f i r s t a t t e m p t a t 
furnace annea l ing a s a m p l e angle of c ladd ing c a u s e d w a r p a g e in the a r m 
which did not have an edge f lange . Ano the r a n n e a l i s be ing t r i e d wi th a 
t e m p o r a r y edge flange on th i s a r m and a b e t t e r a n n e a l i n g f i x t u r e . A new 
spo t -weld ing mach ine h a s been i n s t a l l e d for m a k i n g the c l a d d i n g spot w e l d s . 

b. Cont ro l Rod Dr ive Sea l s - As a r e s u l t of h igh l e a k a g e t h r o u g h the 
s e a l s dur ing the a t - t e m p e r a t u r e p r e o p e r a t i o n a l t e s t s on c o n t r o l r o d d r i v e s , 
addi t ional t e s t s w e r e run on each s e a l , u s ing a p r e s s u r e of 600 p s i g and cold 
w a t e r . The ex tens ion shaf ts w e r e t e s t e d in two p o s i t i o n s , b e c a u s e the shaf t 
i s s tepped The m e a s u r e d l eak r a t e s v a r i e d f r o m abou t 9 to 70 g a l l o n s p e r 
h o u r . A c c u r a t e m e a s u r e m e n t s of the i n s i d e d i a m e t e r of the s e a l r i n g s 
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showed that three seal r ings, out of a total of 45, exceeded the design diam­
eter . Two of the in- tolerance rings seemed corroded or pitted. The defec­
tive seal rings will be replaced and the tes ts repeated with the new control 
rod extension shafts when available. 

c. In-Core Instrumentation Development - The high tempera ture 
test contract with Thermates t Laborator ies has been completed, and tests 
indicate that the Ta-sheathed, BeO-insulated, W-w/26% Re thermocouples 
are useable for t empera tures up to 4,000°F. On 2 of the 8 samples tested 
the sheath at the welded junction separated from the balance of the assembly 
without destroying the junction, but with unpredictable resul ts on the emf vs . 
tempera ture curve. This effect, and the 4,000°F tempera ture limitation 
owing to a reaction between BeO and Ta, are the only apparent deficiencies 
in the thermocouple design. Thus it should be possible to use these the rmo­
couples for obtaining data on the boiler for long-term operating periods at 
power levels up to 20 Mw, and for shorter periods of time at power levels 
to 40 Mw with a suitable choice of fuel rod location. 

The brazing procedure for the thermocouple lead pressure seals 
at the pressur ized terminal box is the last fabrication problem yet to be 
solved. Induction heating has not been satisfactory to date, and a res is tance 
furnace is now being investigated. 

Calibration of one s team flow r i se r venturi for an instrumented 
superheater fuel assembly has now been completed by Alden Hydraulic 
Laboratory (Worcester Polytechnic Institute). Data will be used to cor rec t 
the performance of the venturi tubes installed m other instrumented super­
heat fuel a ssembl ies . 

d. Plant Tests - Preoperat ional tests were continued. On the 
second attempt, the reactor vessel and associated systems were brought to 
operating tempera ture and p ressu re using the electr ic preheat system. The 
previously reported difficulties with the auxiliary pump packing were co r ­
rected by maintaining the seal water p ressure 30-50 psi above reactor p r e s ­
sure . Test operation of the control rod drives showed the need for control 
of seal water p ressure to maintain satisfactory performance of the seals . 

Excessive steam hammer was found in the feedwater piping 
when feedwater flow was stopped for any appreciable length of time while 
the reac tor was at p r e s s u r e . This is to be corrected by locating a spring 
loaded piston check valve in the horizontal run of the feedwater line from 
the reactor vessel immediately after the line goes through the shield wall. 
The boron addition system also had excessive steam hammer because of the 
layer of cold water in the bottom of the tank. The electr ic heating equipment 
for this system is being modified to keep the tank solution at the same t e m ­
pera ture as the reactor by the addition of hea te rs to the bottom of the tank, 
by the addition of heating tape on the water level gauge glasses and by the 
addition of more control c i rcu i t s . 
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Due to s t e a m h a m m e r , the b a t c h feed s y s t e m r e q u i r e d an 
e x c e s s i v e amount of t i m e for add i t ion of w a t e r . A s t e a m s p a r g e r i s to be 
in s t a l l ed to hea t the tank wa t e r with r e a c t o r s t e a m b e f o r e add ing the w a t e r 
to the r e a c t o r v e s s e l . 

T e s t s of the r e a c t o r v e s s e l r e l i e f v a l v e s w e r e s a t i s f a c t o r i l y 
comple t ed . Tes t ing of the s u p e r h e a t e r d r a i n s y s t e m p r o d u c e d e x c e s s i v e 
pipe m o v e m e n t , ind ica t ing a need for add i t i ona l guide a n c h o r s . 

T e s t s w e r e p e r f o r m e d on the f o r c e d - c o n v e c t i o n p u m p s e a l flow 
con t ro l s y s t e m . P e r f o r m a n c e of the c o n t r o l l e r was found to be s a t i s f a c t o r y 
if the supply p r e s s u r e is kept below 200 ps ig when t h e r e i s a t m o s p h e r i c 
p r e s s u r e m the pump . Under t h e s e c o n d i t i o n s , the s e a l w a t e r input can be 
ma in t a ined cons tan t at f rom 2 to 4 gpm pe r s e a l . The new s e a l w a t e r -
p r e s s u r e - c o n t r o l s y s t e m will be d e s i g n e d to k e e p the supp ly p r e s s u r e wi th in 
the r ange of the c o n t r o l l e r . The quench va lve can m a i n t a i n p r e s s u r e at 
35 psig or l e s s for supply p r e s s u r e s f r o m 35 to the m a x i m u m a v a i l a b l e 
p r e s s u r e with r e s u l t i n g r e t u r n flow of 1 to 2 g p m . 
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II. SODIUM COOLED R E A C T O R S (040103) 

A. G e n e r a l R e s e a r c h and D e v e l o p m e n t 

1. Z P R - I I I - E x p e r i m e n t a l 

Work con t inued th i s m o n t h on A s s e m b l y 35, the m o c k u p of 
APDA F e r m i c o r e B . E x p e r i m e n t s inc luded ax ia l t r a v e r s e s , w o r t h s of 
safe ty and o s c i l l a t o r r o d s , and the i n v e s t i g a t i o n of v a r i o u s r a d i a l r e f l e c t o r s . 

C e n t r a l f i s s i o n r a t i o s w e r e m e a s u r e d for s e v e r a l i s o t o p e s as p a r t 
of the effort to e v a l u a t e the effects of coun te r w a l l - t h i c k n e s s on the m e a s ­
u r e d v a l u e s . Data a r e s t i l l be ing a n a l y z e d . 

a. R e a c t i v i t y Coeff ic ient M e a s u r e m e n t s - P r e v i o u s m e a s u r e m e n t s 
had ind i ca t ed the w o r t h of n i c k e l to be g r e a t e r than s t a i n l e s s s t e e l at a l l 
l oca t i ons excep t the c e n t e r . The c e n t r a l r e a c t i v i t y coef f ic ien ts of Ni, F e , 
and s t a i n l e s s s t e e l w e r e t h e r e f o r e m e a s u r e d to check the low value p r e ­
v ious ly m e a s u r e d for n i c k e l . The r e s u l t s , given in Tab le II, ver i fy the 
p r e v i o u s m e a s u r e m e n t s . 

Table 11. C e n t r a l Reac t iv i ty Coefficients 

Reac t iv i ty P r e v i o u s 
Coefficient Value 

Mater i 'a l Mass (kg) Worth (Ih) Inhours pe r kg. Inhours pe r kg. 

A r m c o Fe 1.028 1.0 1.0 I.O 
Ni 1.1504 0.5 0.43 0.41 
SS 1.0186 1.0 1.0 0.9 

b . Safety Rod M e a s u r e m e n t s - A F e r m i B safety rod was s i m u ­
la ted and i t s w o r t h m e a s u r e d as a function of pos i t ion th roughou t the c o r e . 
The F e r m i B sa fe ty rod channe l i s 2.7 in . s q u a r e . Th i s was s i m u l a t e d by 
loading I T d r a w e r s of the 2 - i n . - s q u a r e ZPR-III m a t r i x with s o d i u m - f i l l e d 
s t a i n l e s s s t e e l c a n s . The b o r o n c a r b i d e was then loaded into t h e s e d r a w e r s 
in s t e p s . The m e a s u r e m e n t s w e r e m a d e by the d i f fe rence in c r i t i c a l 
pos i t i on of the Z P R - I I I c o n t r o l rod as the m o c k u p rod was i n s e r t e d t o w a r d 
the c o r e m i d p l a n e , and by s u b c r i t i c a l e x t r a p o l a t i o n in the second half of 
the c o r e . The r e s u l t s a r e g iven in Tab le III. 

Table III. Worth of a Safety Rod 

Boron Content : 28.63 gm of B ' ° pe r 5.08 c m . 
19.65 gm of B " pe r 5.08 c m . 

Worth M e a s u r e m e n t s : 

Subst i tut ion Locat ion (in.) Reac t iv i ty Worth (Ih) 

32 to 18 (axial blanket) 
- 30.5 
- 73.7 

C r i t i c a l M e a s u r e m e n t s 

Subc r i t i ca l M e a s u r e m e n t s 

18 to 
14 to 

9 to 
7 to 
4 to 
2 to 

Tota l 

0 to 
UTa 

14 

9 
7 

4 

2 

0 

t o 

- 1 

- 14. 
- 30, 

- 73, 
- 37, 
- 66, 

- 47 
- 48 

- 3 1 8 

- 1 6 8 
- 3 1 2 

5 

,5 
.7 

.9 
,2 
,2 

,4 

,4 

,9 
.2 



c Osc i l l a to r Rod - An o s c i l l a t o r rod 35 in . long, con t a in ing 
n a t u r a l boron ca rb ide was c o n s t r u c t e d to fit the 2 - i n . - s q u a r e Z P R - I I I 
m a t r i x . The a v e r a g e wor th of the o s c i l l a t o r and i t s wave shape w e r e 
m e a s u r e d in each of two c o r e p o s i t i o n s to a l low e x t r a p o l a t i o n to t he 
2 . 7 - i n . - s q u a r e s u b a s s e m b l y s i ze of F e r m i B . The w o r t h of the o s c i l l a t o r 
was m e a s u r e d r e l a t i ve to s o d i u m . The r e s u l t s a r e g iven in T a b l e IV. 

Table IV. O s c i l l a t o r Rod M e a s u r e m e n t s 

Composi t ion 

SS - 332.267 gm 
Al - 80.076 
B4C - 615.731 (76.98 w / o B, 19.2 a / o B ' " 

Worth 

Location l - P - 1 9 
Average Radius (cm) 16.5 
Average Worth (Ih) -131 .1 

- P - 2 0 
22.0 

124.4 

Wave S h a p e ' 

A n g l e (°) 

- 7 . 5 
32.5 
52.5 
82.5 

112.5 
142.5 
172.5 
202.5 
232.5 
262.5 
272.5 
292.5 
323.0 

2.5 
92.5 

W o r t h ( Ih) 

- 0 . 5 3 
1.42 
3.22 
4.02 

3.58 
2.36 
0.45 

- 1 . 3 9 
- 2 . 9 3 
- 3 . 5 4 
- 3 . 6 6 
- 3 . 2 6 

- 2 . 1 9 
0.16 
4.00 

A n g l e n 

- 1 0 
- 1 

9 
29 
49 
69 
79.5 

89 
109 
129 
149 
169 
179 
189 
209 
229 
249 
259 
269 
280 

289 
309 
329 
349 

99 

W o r t h ( Ih) 

- 0 . 7 6 
- 0 . 0 5 

0.72 
2.26 
3.52 
4 .58 
4 .71 
4.73 
4 .51 
3.65 
2.42 

0.86 

0.09 
- 0 . 5 8 

- 1 . 9 9 
- 2 . 9 5 
- 3 . 6 8 
- 3 . 8 7 
- 3 . 8 5 
- 3 . 8 5 
- 3 . 7 0 
- 3 . 0 5 
- 2 . 1 4 
- 0 . 7 4 

4 .72 
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d. R e f l e c t o r E x p e r i m e n t s - T h r e e d i f f e ren t r e f l e c t o r s w e r e 
c o n s t r u c t e d , and m a t e r i a l s s u b s t i t u t i o n s w e r e p e r f o r m e d to ob ta in suff ic ient 
d a t a to a l low A P D A to o p t i m i z e t he r a d i a l r e f l e c t o r . A o n e - r o w Ni r e f l e c t o r 
was c o n s t r u c t e d in a "i" s e g m e n t of half the c o r e . The s u b s t i t u t i o n e x p e r i ­
m e n t s w e r e p e r f o r m e d by r e p l a c i n g one -^ - in . Ni c o l u m n with the d e s i r e d 
m a t e r i a l . A Ni20 r e f l e c t o r and an i r o n oxide r e f l e c t o r w e r e t h e n bu i l t in 
the s a m e s e g m e n t . Subs t i t u t i ons w e r e p e r f o r m e d in the i r o n oxide r e f l e c ­
t o r by r e p l a c i n g one -^ - i n . F e j O s c o l u m n and one T - i n . s t a i n l e s s s t e e l 
c o l u m n with the d e s i r e d m a t e r i a l . In p a r t A of T a b l e V the a c t u a l c o m p o s i ­
t i o n s u s e d for the r e f l e c t o r s a r e g i v e n . The v a l u e s in p a r t B of T a b l e V 
a r e r e l a t i v e to vo id . 

T a b l e V. R e f l e c t o r E x p e r i m e n t s 

A. R e f l e c t o r C o m p o s i t i o n s ( g m / c m ^ ) 

C o n s t i t u e n t N icke l I r on Oxide Nicke l Oxide 

Ni 5.44 2.72 
Na 0.159 0.159 0.159 

2.0 3 SS 0.954 1.35 
F e - 1.74 
O - 0.692 0.42E 

B . Subs t i t u t i on E x p e r i m e n t s W o r t h s ( Ih /kg) 

Ni 1.6 2.0 
SS 1.5 1.6 
Na 7.8 5.7 
F e 1.4 1.4 
F e z O j 3.0 2.9 
0 ( c a l . ) 7.0 6.6 

C. C a l c u l a t e d Wor th of a C o m p l e t e R e f l e c t o r 2.8 i n . - t h i c k 

N i / f i n e r a d i a l B l a n k e t +1,302 Ih 
N i O / N i ( f rom n i c k e l r e f l e c t o r m e a s u r e m e n t s ) +40 

( f rom i r o n oxide r e f l e c t o r 
m e a s u r e m e n t s ) +24 

( f rom n i c k e l oxide r e f l e c t o r 
m e a s u r e m e n t s ) + 8 ' 

FezOJNi +52 

e . Ax ia l T r a v e r s e s - R e a c t i o n r a t e t r a v e r s e s w e r e t a k e n a long 
the c e n t r a l c o r e a x i s for u " ^ U " ^ P u " ' , and B ' V J . The t r a v e r s e p o s i t i o n 
i n d i c a t e s t he c e n t e r of the a c t i v e v o l u m e which is 2 in . long for t h e s e 
c o u n t e r s . The r e s u l t s a r e s u m m a r i z e d in T a b l e VI. A y - i n . - l o n g U ^ and 
2 - i n . - l o n g U^^* s a m p l e w e r e a l so t r a v e r s e d t h r o u g h the s a m e m e c h a n i s m . 
The w o r t h s w e r e d e t e r m i n e d by s u b t r a c t i n g the w o r t h of the m e c h a n i s m 
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from the worths of the mechanism-plus-sample as determined from the 
difference in control rod positions. The data are given in Table VII. 

Xable VI. React ion Rate T r a v e r s e s Through Axial C e n t e r l i n e 

Edge of Blanket at 13.0 in. 
Edge of Core at 27.0 in. 
Core Midplane at 45.0 in. 

T r a v e r s e 
Pos i t ion , in . 

13 
21 
25 
27 
28 
29 
31 
33 
37 
39 
41 
42 
43 
44 
45 
46 
47 
48 
49 
51 
53 

Table VII. 

U"5 

250.7 
1586.2 
2963.3 
3814.7 
4248.6 
4671.7 
5409.0 
6207.5 
7318.1 
7694.7 
8131.9 
8109.6 
8245.9 
8304.5 
8292.8 
8390.0 
8130.8 
8295.1 
8082.1 
7838.9 
7308.4 

U"= and U"' 

u"' 

0.905 
13.8 
53.5 

110.2 
150.0 
191.3 
239.9 
274.4 
349.9 
357.1 
374.8 
385.4 
387.1 
396.7 
382.2 
392.2 
389.0 

-
377.8 

-
351.0 

Reac t iv i ty 

P u " ' 

87.0 
466.5 
855.9 

1111.2 
1313.1 
1418.2 
1629.7 
1930.5 
2222.2 
2355.6 
2436.1 
2458.8 
2567.6 
2528.9 
2566.4 
2593.9 
2539.7 
2471.2 
2515.6 
2372.3 
2327.5 

B ' ° F j 

2267 

8105 
14245 
17997 
19531 
22255 
24753 
28601 
33228 
34236 
35931 
36988 
37290 
36530 
37842 
36996 
36789 

-
36925 

-
~ 

Worth T r a v e r s e s 

Edge of Blanket at 13.0 in. 
Edge of Core at 27.0 in. 
Core Midplane at 45.0 in. 

T r a v e r s e 
Pos i t ion , in. 

0 
17 
21 
25 
27 
28.5 
30 
33 
36 
39 
42 
4S 
48 
54 
60 
61.5 
63.0 

U^'* Worth 
(Ih) 

0 
0.01 
0.24 
0.43 
0.57 
0.85 
0.91 

-
1.52 

-
2.04 
2.11 
1.99 
1.52 
0.85 
0.77 
0.57 

U"° Worth 
(Ih) 

0 
0.02 
0.06 
0.11 
0.08 
0.08 
0.14 

-0 .08 
-0 .11 
-0 .26 
-0 .26 
-0.21 
-0 .26 
-0 .13 
+0.08 

-
-



2 1 

2. Z P R - I I I - A n a l y s i s 

The e f fec t ive k and the s u r f a c e n e u t r o n flux of the s u b c r i t i c a l 
p l u t o n i u m - f u e l e d Z P R - I I I a s s e m b l y No . 37 ( see A N L - 6 3 9 9 , Monthly 
P r o g r e s s R e p o r t for Ju ly 1961, for d e s c r i p t i o n ) h a s b e e n c a l c u l a t e d us ing 
two g r o u p s and the TDC n e u t r o n t r a n s p o r t code in R - Z g e o m e t r y . The ef­
fec t ive k is c a l c u l a t e d to be about 0 .5 . The s u r f a c e flux d e n s i t y at the 
c e n t e r of the e x p o s e d c o r e face is c a l c u l a t e d to be about 800 n e u t r o n s / 
( cm^) ( sec ) . About 28% of t h i s flux r e p r e s e n t s n e u t r o n s of e n e r g y above 
the t h r e s h o l d for U^^' f i s s i o n . 

3. Z P R - V I and Z P R - I X 

a. Bu i ld ing - The c o n c r e t e wa l l s of the r e a c t o r c e l l s have b e e n 
found to be qui te p o r o u s . With the c e l l s p r e s s u r i z e d to 0.68 b a r s (10 ps ig) 
t h e r e i s a l e a k a g e r a t e of about 23% of the vo lume p e r 24 h o u r s for 
Ce l l No. 4 and 10% of the v o l u m e p e r 24 h o u r s for Ce l l No. 5. S ince t h e s e 
l e akage r a t e s a r e e x c e s s i v e , it h a s b e e n d e c i d e d to coat the i n t e r i o r wa l l s 
of the c e l l wi th a pheno l i c r e s i n - b a s e pa in t to m a k e the c e l l s m o r e 
g a s - t i g h t . The i n s t a l l a t i o n of the w i r i n g and a s s e m b l y of the r e a c t o r a r e 
be ing p o s t p o n e d un t i l a f t e r the c o m p l e t i o n of the pa in t ing s i n c e a g r e a t 
d e a l of d i r t and dus t wi l l be p r o d u c e d in the c e l l s d u r i n g s u r f a c e p r e p a r a t i o n . 

b . Bed and T a b l e A s s e m b l y - C o m p o n e n t s such a s an a i r f i l t e r and 
a p r e s s u r e s w i t c h for the e m e r g e n c y a i r m o t o r d r i v e s y s t e m w e r e m o u n t e d 
on the bed be low the m o v a b l e t a b l e s u r f a c e for p r o t e c t i o n . Copper t ubes 
w e r e r u n to an a i r s u p p l y . 

The e n t i r e bed and t a b l e a s s e m b l y is now c o v e r e d wi th po ly ­
e thy lene s h e e t i n g for p r o t e c t i o n f r o m d i r t and dus t e x p e c t e d d u r i n g 
p r e p a r a t i o n s for the pa in t ing of the c e l l s . The a s s e m b l y i s now in p l a c e 
but not w i r e d . F i n a l i n s t a l l a t i o n w o r k is p o s t p o n e d unt i l a f te r the p a i n t i n g . 

c M a t r i x A s s e m b l y - A p p r o x i m a t e l y 75% of the m a t r i x t ubes 
have b e e n bund led and we lded into 5 x 5 tube u n i t s . E x c e l l e n t d i m e n s i o n a l 
a c c u r a c i e s a r e b e i n g m e t . T h e s e c o m p l e t e d un i t s a r e now s t o r e d un t i l 
f inal a s s e m b l y on the r e a c t o r i s s t a r t e d . E igh ty p e r c e n t of the d r a w e r s 
for the m a t r i x a s s e m b l y h a v e b e e n f a b r i c a t e d and a r e r e a d y for u s e . 

E x p e r i m e n t a l w o r k on the a l u m i n u m tubes for Z P R - I X which 
do not m e e t s p e c i f i c a t i o n s c o n t i n u e s . Some of the t u b e s which * e r e s t r e s s -
r e l i e v e d at 350°F for two h o u r s and then d r a w n showed p r o m i s e for s u c ­
c e s s f u l s i z i n g . 

d. C o n t r o l and Safety Rods - Di f f icu l t i es e n c o u n t e r e d by the 
s u p p l i e r d u r i n g f ina l a s s e m b l y have b e e n o v e r c o m e and the f i r s t two d r i v e 
u n i t s a r e e x p e c t e d e a r l y in J a n u a r y 1962. The un i t s wi l l t hen be w i r e d and 
c h e c k e d out by L a b o r a t o r y p e r s o n n e l . 
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e Cont ro l C o n s o l ^ n A i S ^ t i n H H e n t a t i c ^ - The s e c o n d " " ^ r o l 
^^ " î TTT̂ n was r e c e i v e d f r o m the s u p p l i e r . T h e c o n -

conso le and i ts - ^ ^ 7 ; ; ; ' ; ; ^ * ; 7 , : : i ^ ^ o l m p r e p a r a t i o n for f ina l w i r i n g 
sole has been moved f ° ^^^^ ^^^^^^^^.^^ ^ h i c h i s l o c a t e d in t he C e l l No . 4 
i n s t a l l a t i on , ^ h e f i r s t conso le r e c e i ^^^^ ^ g . ^ . ^ a l b o a r d s . F i n a l 

^ i r m r b T t r e n : h r : : L ^ ^ " b : a r ; s r d the r e a c t o r wi l l be d e l a y e d un t i l 

af ter the comple t ion of the pa in t ing of the c e l l s . 

The individual t e s t i n g i n s t r u m e n t s of the c o n t r o l c o n s o l e of 

Cel l No. 4 a r e about 50% c o m p l e t e . Thus fa r only m i n o r d e v i a t i o n s f r o m 

spec i f ica t ions have been found. 

B . E B R - I (41412-01) 

1. F a b r i c a t i o n of Core IV F u e l E l e m e n t s 

A to ta l of 555 C o r e IV fuel and b l a n k e t r o d s a r e b e i n g f a b r i c a t e d 
for use in E B R - I . This n u m b e r i n c l u d e s 420 fuel r o d s , 120 b l a n k e t r o d s , 
10 fuel t h e r m o c o u p l e r o d s and 5 b l anke t t h e r m o c o u p l e r o d s . 

A s s e m b l y o p e r a t i o n s have been t e m p o r a r i l y s u s p e n d e d p e n d i n g 
addi t ional p r o c u r e m e n t s . An o r d e r h a s b e e n p l a c e d wi th S u p e r i o r Tube 
Company for 250 feet of Z i r c a l o y - 2 j a c k e t tub ing for the a d d i t i o n a l fuel 
rods r e q u i r e d . M i d - J a n u a r y s h i p m e n t h a s b e e n p r o m i s e d . 

As a backup effort to p r o c u r e m e n t of c o m m e r c i a l t ub ing , suf f ic ien t 
b a s e tubing was ex t ruded at ANL to f a b r i c a t e an e s t i m a t e d m i n i m u m of 
125 j a c k e t s . A to ta l of 76 j acke t t u b e s a r e in p r o c e s s . 

F in i shed mach ined and n u m b e r e d rod t i p s for the b o t t o m end c l o s u r e 
of 100 jacke t tubes have been c o m p l e t e d . 

Defec t - f r ee r i b w i r e s t o c k h a s b e e n f a b r i c a t e d at A N L f r o m B u r e a u 
of Mines z i r c o n i u m . Sufficient ^ in . d i a m e t e r r i b w i r e s t o c k h a s b e e n 
d rawn, s t r a i g h t e n e d and cut to length for 10 3 j a c k e t a s s e m b l i e s . 

The r e q u i r e d amount of 0.080 in . OD Z i r c a l o y - 2 i n s t r u m e n t tub ing 
has been f ab r i ca t ed and a n n e a l e d p r i o r to s t r a i g h t e n i n g , n o n d e s t r u c t i v e 
t es t ing and final p ick l ing . 

C. E B R - I I 

1. Reac to r P lan t 

All of the s u b a s s e m b l i e s have b e e n u n l o a d e d f r o m the r e a c t o r and 
t r a n s f e r r e d to the Lab and S e r v i c e B u i l d i n g . The fuel h a s b e e n s t o r e d in 
a spec i a l m a t e r i a l s vaul t and the b l a n k e t m a t e r i a l i s s t o r e d in t he b a s e m e n t . 
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Minor o p e r a t i o n a l d i f f i cu l t i e s e n c o u n t e r e d d u r i n g the d r y c r i t i c a l e x p e r i ­
m e n t s wi l l be c o r r e c t e d in p r e p a r a t i o n for the f o r t h c o m i n g wet c r i t i c a l 
e x p e r i m e n t s . 

R e p r e s e n t a t i v e i t e m s of w o r k in t h i s a r e a a r e i n s t a l l a t i o n of 
p r o t e c t i v e boo t s o v e r the t h r e a d e d shaf t s of the r e a c t o r v e s s e l c o v e r l o c k ­
ing m e c h a n i s m s , r e p a i r s of l e ak ing oi l s e a l s on the r e a c t o r v e s s e l c o v e r 
l if t ing m e c h a n i s m , i n s t a l l a t i o n of s igh t g l a s s e s for o b s e r v a t i o n of the o i l 
l e v e l in the s h o c k a b s o r b e r s on the c o n t r o l r od d r i v e s , and m o d i f i c a t i o n s 
of the s a f e ty rod s t o r a g e h o l e s in the s t o r a g e b a s k e t . 

I n s t a l l a t i o n of the s o d i u m p u r i f i c a t i o n c e l l p e r i s c o p e and sh i e ld h a s 
been c o m p l e t e d . The n u c l e a r i n s t r u m e n t s h a v e b e e n r e m o v e d f r o m the 
t h i m b l e s for the f o r t h c o m i n g e l e v a t e d t e m p e r a t u r e t e s t of the p r i m a r y t ank . 

V a r i o u s m a l f u n c t i o n s have been o b s e r v e d in the o p e r a t i o n of the 
n u m e r i c a l p o s i t i o n i n g s y s t e m . The fol lowing w e r e r e c t i f i e d : 

(a) I n c o r r e c t c i r c u i t a c t i o n wi th r e s p e c t to the s m a l l r o t a t i n g plug 
o v e r t r a v e l s i g n a l . 

(b) The p o s s i b i l i t y of i n c o r r e c t l y pos i t i on ing the r o t a t i n g p lugs to 
a po in t an i n t e g r a l n u m b e r of t h o u s a n d s of coun t s f r o m the 
c o r r e c t p o s i t i o n . 

(c) I n c o r r e c t p o s i t i o n i n g of the l a r g e r o t a t i n g plug nine coun ts 
f r o m the c o r r e c t p o s i t i o n . 

(d) I n c o r r e c t punch ing of output c a r d s as a funct ion of d ig i t a l c lock 
n u m b e r s . 

The r o t a t i n g plug p r i m a r y p o s i t i o n t r a n s d u c e r s a r e be ing c a l i b r a t e d 
a g a i n s t the s e c o n d a r y t r a n s d u c e r s . T h i s wi l l p e r m i t a m o r e a c c u r a t e a d ­
j u s t m e n t of the a s s o c i a t e d e r r o r e n c o d e r s . 

A s p a r e f e s toon cab l e for the l a r g e r o t a t i n g plug h a s b e e n r e c e i v e d 
and i n s p e c t e d . T h e c o m p o n e n t s and c i r c u i t s r e q u i r e d for m o t o r o p e r a t i o n 
of the g r i p p e r j a w s on the re fue l ing m a c h i n e have b e e n i n s t a l l e d . Ind ica t ing 
l i gh t s a s s o c i a t e d wi th the cool ing duct c o n n e c t i o n s w e r e a l s o i n s t a l l e d . 

2. Sodium B o i l e r P l a n t 

The two s u p e r h e a t e r un i t s w e r e d e l i v e r e d to the s i t e . T h e y h a v e 
b e e n r a i s e d into p l a c e and l e a k t e s t e d wi th a h e l i u m m a s s s p e c t r o m e t e r . 
No l e a k s w e r e found. I n s t a l l a t i o n of t h e s e u n i t s i s p r o c e e d i n g . 

E v a p o r a t o r B 3 - E B 7 0 2 h a s b e e n r e p a i r e d and is be ing r e a d i e d for 

s h i p m e n t to the s i t e . 
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I n s t a l l a t i o n of p i p i n g f o r t h e u n l o a d i n g of s o d i u m f r o m t h e t e n t a n k 

c a r s i s w e l l a l o n g . T h e t a n k c a r s a r e l o c a t e d o n c r i b b i n g n o r t h of t h e 

S o d i u m B o i l e r B u i l d i n g a s s h o w n i n F i g u r e 3 . A l l t h e t a n k s w i l l b e c o m ­

p l e t e l y p i p e d p r i o r t o u n l o a d i n g b e c a u s e i t i s n o t d e s i r a b l e t o m a k e a n y 

s o d i u m p i p i n g c o n n e c t i o n s d u r i n g t h e u n l o a d i n g o p e r a t i o n . 

Figure 3 

Tank Cars of Sodium for EBR-II 

T h e D o w t h e r m s y s t e m f o r c o o l i n g t h e s e c o n d a r y c o l d t r a p w a s 

s u c c e s s f u l l y t e s t r u n . T h e r m o c o u p l e w e l l s w e r e w e l d e d t o t h e s h e l l s of 

t h e e i g h t e v a p o r a t o r s , a n d c o n s i d e r a b l e p r o g r e s s w a s m a d e o n o t h e r m i s ­

c e l l a n e o u s d e f i c i e n c y w o r k . M o d i f i c a t i o n , r e p a i r , a n d c h e c k o u t of t h e 

s e c o n d a r y sod iu im s y s t e m c o n t r o l p a n e l w a s c o m p l e t e d a s f a r a s p o s s i b l e 

a t t h i s t i m e . 

C h e m i c a l a n a l y s i s of t h e s p e c i a l h e l i a r c s t a i n l e s s s t e e l w e l d r o d 
s h o w e d t h e n i c k e l c o n t e n t t o o h i g h a n d t h e r e f o r e , o u t of s p e c i f i c a t i o n r e ­
q u i r e m e n t s . T o m e e t t h e f e r r i t e c o n t e n t r e q u i r e m e n t f o r t h e d e p o s i t e d 
w e l d m e t a l a s w e l l a s t h e c h e m i c a l r e q u i r e m e n t s , i t w a s d e c i d e d t o c h a n g e 
t h e w e l d i n g p r o c e d u r e f r o m i n e r t g a s t u n g s t e n a r c t o a p r o c e d u r e t h a t u s e s 
i n e r t g a s t u n g s t e n a r c w e l d i n g f o r t h e r o o t p a s s a n d m e t a l l i c a r c f o r s u b ­
s e q u e n t p a s s e s . W e l d r o d fo r t h i s p r o c e d u r e w a s r e c e i v e d a n d t e s t p a d s 
f o r c h e m i c a l a n a l y s i s a r e b e i n g p r e p a r e d . 

3 . P o w e r P l a n t 

T h e t u r b i n e s u p p l i e r ' s f i e l d e n g i n e e r a r r i v e d e a r l y i n t h e m o n t h 
a n d s u p e r v i s e d f i n a l p r e p a r a t i o n a n d a l t e r a t i o n s f o r r u n n i n g t h e t u r b i n e -
g e n e r a t o r w i t h 1 7 5 - l b s t e a m s u p p l i e d f r o m t h e a u x i l i a r y h e a t i n g b o i l e r s . 
T h e b l o w d o w n l i n e w a s c o n n e c t e d f r o m t h e t u r b i n e s t o p v a l v e t h r o u g h 
t h e n o r t h w a l l of t h e b u i l d i n g a n d t h e s t e a m l i n e s u p t o t h e s t o p v a l v e 
w e r e b l o w n d o w n w i t h s t e a m . T h e c o n t r o l l i n k a g e s i n t h e t u r b i n e f r o n t 
s t a n d a r d w e r e s e t a n d a l l p r e s s u r e s w i t c h e s a n d i n t e r l o c k s o n t h e m a ­
c h i n e w e r e c o r r e c t l y a d j u s t e d . 
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Fo l lowing th i s p r e l i m i n a r y w o r k , 175- lb s t e a m was a d m i t t e d to the 
t u r b i n e and the m a c h i n e was b r o u g h t up to s p e e d . The h i g h - s p e e d s top was 
se t and bo th the l o w - o i l - p r e s s u r e t r i p and the o v e r s p e e d t r i p w e r e t e s t e d . 

F o l l o w i n g t h i s o p e r a t i o n , i n s p e c t i o n of the i n t e r i o r of the t u r b i n e 
r e v e a l e d tha t the p r o t e c t i v e compound ( r u s t p r e v e n t i v e sh ipp ing compound) 
had b e e n s u c c e s s f u l l y r e m o v e d . At t h i s t i m e , the i n i t i a l p r e s s u r e g o v e r n o r 
was p l a c e d in o p e r a b l e cond i t ion by the f ie ld r e p r e s e n t a t i v e . Excep t for 
f inal s e t t i n g when 1250- lb s t e a m is a v a i l a b l e , the t u r b i n e c o n t r o l s y s t e m is 
now r e a d y for s e r v i c e . 

Dur ing the i n i t i a l o p e r a t i o n of the t u r b i n e , the b e a r i n g h e a d e r oi l 
s t r a i n e r s b e c a m e p lugged wi th l int and o t h e r f o r e i g n m a t e r i a l and r e q u i r e d 
o p e r a t i o n of the a u x i l i a r y o i l p u m p whi le the uni t s lowed down and cooled 
off. T h e s e oi l f i l t e r s w e r e s u b s e q u e n t l y c l e a n e d and o p e r a t e d s a t i s f a c t o r i l y 
d u r i n g l a t e r o p e r a t i o n . P r e p a r a t i o n s a r e in p r o g r e s s to r e m o v e the t u r b i n e 
o i l , c l e a n the s t o r a g e t ank , and f i l t e r the o i l whi le r e f i l l i ng . It was a l s o 
n e c e s s a r y to open , i n s p e c t and c l e a n the w a t e r s ide of the t u r b i n e oi l 
c o o l e r s . 

4. E n g i n e e r i n g 

a. P r i m a r y T a n k - M e a s u r e m e n t s of the o v e r - a l l s p r i n g c o n s t a n t 
of the p r i m a r y t ank ( d e s c r i b e d in A N L - 6 4 7 3 , Monthly P r o g r e s s R e p o r t for 
N o v e m b e r , 1961) h a v e b e e n c o m p l e t e d and p r e l i m i n a r y a n a l y s i s of the 
r e s u l t s show a good a g r e e m e n t with the p r e d i c t e d v a l u e . D e v i c e s a r e now 
be ing i n s t a l l e d to m e a s u r e the v e r t i c a l d i s p l a c e m e n t of the p r i m a r y t ank 
c o v e r r e l a t i v e to the top s t r u c t u r e at e l e v a t e d t e m p e r a t u r e s . R e s u l t s f rom 
the e l e v a t e d t e m p e r a t u r e m e a s u r e m e n t s , t o g e t h e r with the s p r i n g c o n s t a n t 
m e a s u r e m e n t , wi l l a l low v e r y a c c u r a t e d e t e r m i n a t i o n of the effect of the 
s o d i u m load on r e l a t i v e p o s i t i o n s of the fuel handl ing equ ipmen t and r e a c t o r . 

b . A n a l y s i s - The m e a s u r e d f i s s i o n d i s t r i b u t i o n s in the o u t e r 
p o r t i o n s of the o u t e r b l anke t of the r e a c t o r a p p e a r to be h i g h e r than p r e ­
d i c t e d . F u r t h e r m o r e , the n e u t r o n flux l eav ing the r a d i a l n e u t r o n sh i e ld 
h a s a h i g h e r i n t e n s i t y and a so f t e r s p e c t r u m than p r e d i c t e d . It i s c o n ­
c luded tha t the n e u t r o n s p e c t r u m in the o u t e r b l anke t i s sof te r t h a n p r e d i c t e d . 
T h i s o b s e r v a t i o n i s s i m i l a r to tha t found in o t h e r fas t r e a c t o r s . 

Sh ie ld ing c a l c u l a t i o n s of n e u t r o n f luxes in the p r i m a r y t ank 
and at the h e a t e x c h a n g e r have b e e n r e v i e w e d to s ee if the b u i l t - i n con ­
s e r v a t i s m i s suf f ic ien t in the l ight of m e a s u r e d d i s t r i b u t i o n s . It a p p e a r s 
that a l though the l e a k a g e f r o m the n e u t r o n s h i e l d m a y be g r e a t e r t h a n 
a n t i c i p a t e d , t he so f t e r s p e c t r u m m e a n s tha t f luxes at the h e a t e x c h a n g e r 
m a y not be c o r r e s p o n d i n g l y h igh . At w o r s t a f ac to r of two i n c r e a s e in the 
m a x i m u m a c t i v i t y of s e c o n d a r y s o d i u m i s c a l c u l a t e d . No e x c e s s i v e r a d i a ­
t ion l e v e l s would r e s u l t . 
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5. InstrumenUitionji£^5L5i^i!^lI2l 

a P r e p a r a t i o n f o ^ W e l C r i t i c a L E x p e r i r ^ ^ - Mino r c o r r e c t i o n s 
• '• —-TTTh^l^^^ml^^^i^^ t i t i^^nd the c o n t r o l s y s t e m a r e b e i n g 

m a d r : r r n e d be " ^ s a p p a r e n t d u r i n g p r e p a r a t i o n s for wet c r i t i c a l 
m a d e as the nee ^ ^ ^ e x p e r i m e n t s the n u c l e a r i n s t r u m e n t a t i o n 
: r : f T r r a : e s t ' n c 7 r n a r t h e r e f o r e r e c e i v e d the m o s t a t t e n t i o n . D u r i n g 
Z t c r i t i c a l ope ra t i on , t e m p e r a t u r e , l e v e l , p r e s s u r e , and flow m e a s t i r e -
m e n t s for the sodium s y s t e m wil l p lay an i m p o r t a n t r o l e and a d e t a i l e d 
r ev i ew and checkout of th i s equ ipmen t i s be ing m a d e . 

T e m p o r a r y r e v i s i o n s such a s t e m p e r a t u r e r e c o r d e r r a n g e 
changes and in s t a l l a t i on of e x t r a t h e r m o c o u p l e s on v a r i o u s c o m p o n e n t s a r e 
being m a d e for the high t e m p e r a t u r e t e s t on the p r i m a r y t a n k . 

One s u b s t a n t i a l change be ing m a d e in the c o n t r o l s y s t e m 
p rov ides for comple t e ly m a n u a l (not e l e c t r i c a l ) o p e r a t i o n of t he s a f e t y 
rod d r i v e s for t he i r w i t h d r a w a l to the " r e m o v e " p o s i t i o n . T h e r e they 
may be r e p l a c e d . A p p r o p r i a t e c o n t r o l s y s t e m i n t e r l o c k i n g wi l l be d e ­
signed to a c c o m m o d a t e th i s m a n u a l o p e r a t i o n and p r o v i d e for i t s e f fec t ive 
a d m i n i s t r a t i v e c o n t r o l f rom the c o n t r o l r o o m . 

The c i r c u i t r y p r e v i o u s l y u s e d to b y p a s s t he p e r i o d s c r a m in 
the counting r a t e channe l s when the flux l e v e l w a s too low to p r o v i d e a 
s a t i s f ac to ry pe r iod s igna l is be ing c o n v e r t e d for u s e a s a low flux l e v e l 
s t a r t u p i n t e r l o c k . In th i s app l i ca t i on it p r e v e n t s s t a r t u p if the s o u r c e flux 
leve l is below a safe v a l u e . 

b . Fue l E l e m e n t F a i l u r e D e t e c t o r - The fas t four fo ld c o i n c i d e n c e 
c i r cu i t d e s c r i b e d in the l a s t P r o g r e s s R e p o r t h a s b e e n put into s e r v i c e 
after some modi f ica t ions which w e r e found to be n e c e s s a r y in t he c o u r s e 
of ex tens ive t e s t i n g . At the s a m e t i m e , the "ga te t i m i n g " c i r c u i t , wh ich 
was developed p r e v i o u s l y and h a s b e e n u s e d for s o m e t i m e , was s i m p l i f i e d 
and adjusted to feed p u l s e s of the r i g h t s h a p e and a m p l i t u d e to the new 
coinc idence uni t . The p ro to type f i s s i on c o u n t e r i s a s s e m b l e d and r e a d y 
for f i l l ing. The f i r s t of two a m p l i f i e r s i s r e a d y , now t h a t s e v e r a l s m a l l 
defects have been e l i m i n a t e d . The loop on which t h i s e q u i p m e n t i s to be 
located at EBR- I I is now being d e s i g n e d . 

c Automat ic Con t ro l S y s t e m - A r e v i s i o n was begun to a d i g i t a l 
p r o g r a m for the computa t ion of c o n t r o l rod s w i t c h po in t s f r o m the a n a ­
ly t ica l solut ion to the k i n e t i c s e q u a t i o n s wi th f e e d b a c k . The new p r o g r a m 
will allow the p r o b l e m p a r a m e t e r s to be c h a n g e d m o r e e a s i l y , t h u s f a c i l i ­
ta t ing a p a r a m e t e r s tudy and a c o m p a r i s o n of r e s u l t s wi th a r e v i s i o n to the 
k ine t i c s equat ion code , R E - 1 2 9 . 



27 

6. Fuel Cycle Facility 

The Fuel Cycle Facility is only slightly more than 98 percent 
completed. P rog res s in finishing work continues to be slow since most of 
the manpower has been assigned by the contractor to correct ive work. 

The removal of corrosion pits (see Progress Report for Novem­
ber, 1961, ANL-6473) from the flanges on the service sleeves in the 
Argon Cell is continuing. 

The 31 shielding window tank units have been corrected, and the 
units are being prepared for reshipment to the EBR-II si te. 

Drawings for the installation of an emergency diesel generator in 
the Fuel Cycle Facili ty have been made. The generator will power cr i t ical 
i tems in the Fuel Cycle Facility in the event of power failure at the EBR-II 
si te. 

An order has been placed for a pillar jib crane . The crane will 
have a 5-ton capacity and will be used to move mater ia l in and out of the 
Argon and Air Cells through the shielded roof hatches. 

Additional experiments were performed to investigate the use of 
Pittsburgh Plate Glass Company's No. 6788 glass for gamma dosimetry. 
This is the Company's regular 3.3-density lead shielding glass with the 
cerium oxide content reduced from about 1.85 to about 0.85 weight percent. 
The glass has met the requirements of economy, stability, and reproduci­
bility, and has absorption propert ies which permit it to be used in the form 
of relatively thick samples . The dosimeters will be used to measure the 
gamma dosages received by process equipment in the Argon and Air Cells 
of the Fuel Cycle Facil i ty. The radiation intensity within the cells is ex­
pected to vary between 10^ and 10^ rad /h r in the areas of interest . In this 
intensity range, the integrated dosimeter readings are found to be virtually 
independent of the rate of exposure. An empirical relation was found be­
tween a quantity ATĵ _]-, and gamma exposure of the glass . The quantity 
ATjĵ  b is defined by the equation 

ATa,b = T500 - T425 

where T500 and T425 are the t ransmit tancies of the samples at the wave­
lengths shown. The empir ical relationship between ATa,b and the gamma 
exposure is 

AT^ ,̂  = -0.126 + 0.03 logioE 

where E is the gamma exposure in rads . The maximum e r ro r in the 
determination of the gamma exposure was found to be 20 percent. 



m a n i p u l a t o r s at the EBR- I I s i t e . 

Tes t ing of the ingot r e m o v e r and s a m p l e r i s n e a r l y c o m p l e t e d . 
Th i s equ ipment i s u sed fo r e m o v e the m e l t r e f ined ingot frorn the g r a p h i t e 
mold and to r e m o v e a p r o t r u s i o n f rom the bo t t om of the ingo t . The p r o 
t ' u s t n s e r v e s as an ana ly t i ca l s a m p l e . No d i f f i cu l t i es w e r e e n c o u n t e r e d 
in the ope ra t i on of the equ ipmen t . 

The t r a n s f e r of l iquid m a g n e s i u m , z inc , and c a d m i u m b e t w e e n two 
c o n t a i n e r s th rough a hea t ed tube is be ing s t u d i e d . S e v e r a l s u c c e s s f u l t r a n s ­
f e r s have been m a d e with c a d m i u m . An a t t e m p t to t r a n s f e r m a g n e s i u m 
v a p o r s with a r g o n gas as a c a r r i e r was u n s u c c e s s f u l as a r e s u l t of a s t o p ­
page in the t r a n s f e r l ine . E x a m i n a t i o n of the l ine r e v e a l e d tha t the s t o p p a g e 
o c c u r r e d at the f langes which ac t ed a s hea t s i n k s . The d i s m a n t l e d tube and 
f langes a r e being r e w o r k e d to cut hea t l o s s e s . 

7. P r o c e s s Deve lopment 

a. Melt Refining P r o c e s s Techno logy - Some a d d i t i o n a l i n f o r m a t i o n 
h a s been ob ta ined on the vo la t i l i za t ion of c o n d e n s a b l e f i s s i o n p r o d u c t s d u r i n g 
the m e l t ref in ing of h ighly i r r a d i a t e d E B R - I I p r o t o t y p e fuel p i n s . A n a l y s e s 
of a c t i v i t i e s co l l ec t ed on n icke l s p e c i m e n s s u s p e n d e d in the m e l t r e f i n ing 
e n c l o s u r e ind ica ted tha t the f i s s ion p r o d u c t s w e r e v o l a t i l i z e d in the fo l low­
ing d e c r e a s i n g o r d e r : c e s i u m > iodine > a lka l ine e a r t h m e t a l s . S m a l l e r 
amoun t s of r a r e e a r t h s , z i r c o n i u m , t e l l u r i u m , and r u t h e n i u m a c t i v i t i e s 
w e r e a l so p r e s e n t on the s p e c i m e n s . 

Addi t ional e x p e r i m e n t s w e r e conduc ted on the n i t r i d a t i o n r a t e s 
of i r r a d i a t e d u r a n i u m - f i s s i u m pins in a n i t r o g e n a t m o s p h e r e . T h e r a t e of 
n i t r i da t i on a p p e a r e d to be m o r e dependen t on the ex ten t of s u r f a c e r o u g h ­
ening and swel l ing of the p ins du r ing i r r a d i a t i o n than on the spec i f i c 
ac t iv i ty p r e s e n t . 

Dur ing the n i t r i d a t i o n s t u d i e s , a vo l a t i l e s u b s t a n c e w a s c o l ­
l ec ted as a waxy depos i t in a po r t i on of the a p p a r a t u s . It i s l i k e l y t h a t the 
s o u r c e of th is m a t e r i a l is butyl a lcohol which was u s e d to r e m o v e NaK 
f rom the p i n s . It i s be l i eved tha t the bu ty l a l c o h o l u n d e r g o e s a r a d i a t i o n -
induced r e a c t i o n in which h i g h e r - b o i l i n g o r g a n i c c o m p o u n d s a r e f o r m e d . 
Since butyl a lcohol was u s e d to r e m o v e NaK f r o m the fuel p in s in t he m e l t 
ref ining runs with highly i r r a d i a t e d fuel , it now a p p e a r s p o s s i b l e t h a t 
s o m e c a r b o n a c e o u s m a t e r i a l was p r e s e n t d u r i n g the r u n s . A r e a c t i o n b e ­
tween z i r c o n i u m and the o r g a n i c m a t e r i a l would exp l a in t he r e m o v a l s (10 
to 20 pe rcen t ) of z i r c o n i u m that w e r e ob t a ined in the m e l t r e f i n ing 
e x p e r i m e n t s . 



b . Skull R e c l a m a t i o n P r o c e s s - Adequa te p u r i f i c a t i o n of u r a n i u m 
c o n t i n u e s to be shown in d e m o n s t r a t i o n r u n s of the sku l l r e c l a m a t i o n p r o c e s s . 
In the l a t e s t r u n , 82 p e r c e n t of the u r a n i u m in the in i t i a l c h a r g e was r e ­
c o v e r e d as the p u r i f i e d p r o d u c t . Nine p e r c e n t of the u r a n i u m r e m a i n e d as 
h e e l s in the c r u c i b l e s u s e d for the r e d u c t i o n s t e p and the r e t o r t i n g s t e p , 
and 4.6 p e r c e n t was found in the w a s t e s t r e a m s . About 4 p e r c e n t r e m a i n e d 
u n a c c o u n t e d fo r . The p r i n c i p a l l o s s e s o c c u r r e d in the s u p e r n a t a n t so lu ­
t ions of the two p r e c i p i t a t i o n s t e p s . To r e d u c e t h e s e l o s s e s , it i s p l anned 
to cool the m i x t u r e f u r t h e r b e f o r e s e p a r a t i n g the s u p e r n a t a n t s o l u t i o n s . 

P r e s s e d - a n d - s i n t e r e d b e r y l l i a c r u c i b l e s con t inue to show 
p r o m i s e for r e t o r t i n g the u r a n i u m p r o d u c t . In r e c e n t r u n s , the y i e ld s of 
e a s i l y r e m o v a b l e , a g g l o m e r a t e d u r a n i u m p r o d u c t have been g r e a t e r than 
99 p e r c e n t . A r e t o r t i n g e x p e r i m e n t was a l s o c a r r i e d out in a f l a m e -
s p r a y e d - a n d - s i n t e r e d t u n g s t e n c r u c i b l e . The u r a n i u m p r o d u c t a d h e r e d 
f i r m l y to t he t u n g s t e n c r u c i b l e . In two p r e v i o u s e x p e r i m e n t s with t u n g s t e n 
c r u c i b l e s y i e l d s of 83 and 98.4 p e r c e n t of u r a n i u m p r o d u c t w e r e ob t a ined . 
The i n c o n s i s t e n c y of t h e s e r e s u l t s r e q u i r e s tha t f u r t h e r s t u d i e s be m a d e 
be fo re the s u i t a b i l i t y of t u n g s t e n c r u c i b l e s for the l a s t t h r e e s t e p s of the 
skul l r e c l a m a t i o n p r o c e s s can be judged . 

c . B l a n k e t P r o c e s s i n g - In b l anke t p r o c e s s work , a t t en t ion i s be ing 
d i r e c t e d to the i s o l a t i o n of p lu ton ium f r o m a 50 weight p e r c e n t m a g n e s i u m -
zinc s o l u t i o n . E v a p o r a t i o n of the so lven t a p p e a r s to be the m o s t s t r a i g h t ­
f o r w a r d p r o c e d u r e , but the p o s s i b i l i t y of i so l a t i ng the p lu ton ium as a 
compound , which could be d e c o m p o s e d l a t e r , is a l so be ing c o n s i d e r e d . In 
a p r e l i m i n a r y e x p e r i m e n t , about 75 p e r c e n t of the p lu ton ium was p r e c i p i ­
t a t ed f r o m the m a g n e s i u m - z i n c so lu t ion as the h y d r i d e . The in i t i a l so lu t ion 
con ta ined 0.1 p e r c e n t p lu ton ium and 0.024 p e r c e n t u r a n i u m ( a p p r o x i m a t e l y 
the u r a n i u m s a t u r a t i o n c o n c e n t r a t i o n ) . 

d. R e d u c t i o n of T h o r i u m Dioxide - C o m p l e t e r e d u c t i o n s of t h o r i u m 
dioxide to t h o r i u m m e t a l by 5 weight p e r c e n t m a g n e s i u m - z i n c s o l u t i o n s m 
the p r e s e n c e of a c a l c i u m c h l o r i d e - m a g n e s i u m c h l o r i d e - c a l c i u m f luor ide 
flux h a v e b e e n a c h i e v e d in t h r e e h o u r s . The o p t i m u m c a l c i u m f luor ide 
c o n c e n t r a t i o n in the flux a p p e a r s to be about 7 m o l e p e r c e n t . 

e . M a t e r i a l s and E q u i p m e n t E v a l u a t i o n - M a t e r i a l s s t u d i e s a r e in 
p r o g r e s s to e v a l u a t e the c o m p a t i b i l i t y of v a r i o u s m a t e r i a l s wi th l iquid 
m e t a l - f u s e d s a l t s y s t e m s of the t ypes c o n t e m p l a t e d for r e p r o c e s s i n g nu­
c l e a r r e a c t o r f u e l s . Add i t iona l so lu t ion s t ab i l i t y r u n s have shown tha t 
u r a n i u m - m a g n e s i u m - z i n c s o l u t i o n s a r e v e r y s t a b l e m t u n g s t e n c r u c i b l e s . 
B e c a u s e of t h i s and the i n e r t n e s s of t u n g s t e n to c o r r o s i o n by the m a g n e s i u m -
z i n c - f u s e d s a l t s y s t e m s , t u n g s t e n is c o n s i d e r e d a d e s i r a b l e m a t e r i a l for 
the f a b r i c a t i o n of c r u c i b l e s . Me thods of f a b r i c a t i n g t u n g s t e n c r u c i b l e s a r e 
be ing c o n s i d e r e d . Two of the m o s t p r o m i s i n g m e t h o d s a r e (1) i s o s t a t i c a l l y 
p r e s s i n g t u n g s t e n p o w d e r fol lowed by s i n t e r i n g and (2) p l a s m a - a r c s p r a y i n g 



30 

of tungsten powder on a mandrel followed by sintering. T^- f b ^ ^ * ; " ^ ° ' 

t ungs tL accessor ies , such as ^ f - ; - ^ ^ ^ r , ^ m^ ; e n l m t a n -

^ m ' S r f fam, m = : , r ^ ^ C h r r r mater ia l s w^re tested by 

; : e r m a r i ; : i r n g between 800" and 100«C. All coatings flaked or peeled 

with the exception of that on graphite. 

An argon-filled dry box to be used as a welding facility has 
been placed m operation. The unit, which contains automatic welding 
e^^ipS^nt IS equipped with a purification system (molecular s ieves , d ryer , 
and tantalum sponge getter) through which the argon is - " r c u l a ed^ No 
difficulties have been encountered m the first 200 hours of operation. 

f Preparation of Fast Reactor Fuels - An attempt was made to 
coprecipitate plutomum and uranium as carbides from a 20 percent 
magnesium-zinc solution through reaction of dissolved uranium and 
Plutonium with finely divided carbon. Although the uranium was essen­
tially completely precipitated, only about one-fifth of the plutonium was 
precipitated. Further attempts were made to precipitate the plutonium 
as the carbide by increasing the magnesium concentration successively 
to 40 and 60 percent. At these concentrations, the amount of plutonium 
precipitated increased to 64 and 75 percent, respect ively. It should be 
noted that in previous experiments complete reaction of plutonium with 
carbon was obtained in pure magnesium solutions. 
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III. REACTOR SAFETY (040117) 

A. Thermal Reactor Safety Studies 

1. Fuel-Coolant Chemical Reactions 

The ser ies of condenser discharge runs with aluminum wires is 
continuing. The runs a re being made in water at 200°C. Previous studies 
in room temperature water failed because the wires did not heat uniformly. 
Wires broke in a few places and the discharge energy was dissipated as 
a r c s . Pre l iminary resul ts in 200°C water indicate that the wires are heat­
ing uniformly and that useful data will be obtained. 

Fur ther studies of the reaction of aluminum-uranium alloys with 
steam have been made by the p ressure -pu lse method. The presence of 
uranium appears to increase the reaction rate somewhat. In general, 
the greater the uranium concentration, the faster the rate. No sudden in­
crease occurred up to 40 w/o uranium at 1200°C. 

Construction of apparatus for the study of meta l -s team reactions 
by the levitation melting method is nearly completed. The flowing steam 
apparatus and the Pyrex, high-vacuum, gas-handling system for the deter­
mination of hydrogen generated by reaction have been completed. 

Four t ransients in TREAT were completed on graphite fuel speci­
mens. This is a cooperative program with Westinghouse which is being 
carr ied out at Argonne. Data on the peak temperature attained by the 
fuel specimen as a function of the energy of the reactor burst indicated 
that the heating process was nearly adiabatic up to 1500°C. At higher 
energy inputs (up to 2580°C fuel temperature recorded with a tungsten-
rhenium thermocouple), the peak observed temperature was considerably 
less than that calculated for adiabatic heating, thus indicating that there 
was appreciable heat loss. 

2. Metal Oxidation and Ignition Kinetics 

Determinations of the isothermal oxidation ra tes of uranium over 
the temperature range 300° to 600°C are continuing. Several runs were 
performed using a constant volume and following the p ressure decrease 
with a s t ra in gage p re s su re t ransducer . Accurate resul ts were obtained 
during the f irs t minute of reaction in this way. Results obtained by the 
slower responding volumetric procedure were confirmed. 

A ser ies of calculations of the burning tempera tures of metals in 
air were initiated. The method assumes that there are no chemical bar ­
r i e r s to oxidation. Reaction rate is controlled by the gaseous diffusion 
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of oxveen th rough a bounda ry l a y e r of m t r o g e n s u r r o u n d i n g the b u r n i n g 
m e t a ^ c a l c u l a t i o n s have been c o m p l e t e d for the c a s e ^^ - - - / / ^ ^ ^ f ^^^ 
to a v e r t i c a l p la te (foi ls) , to a h o r i z o n t a l c y l i n d e r ( w i r e s ) , and to a s p h e r e 
P r e c i s e va lue s for p a r t i c u l a r c a s e s depend on a knowledge of the e m i s s i v i t y 
Tf the oxidizing m e t a l s u r f a c e . R e a s o n a b l e v a l u e s e x i s t for z i r c o n i u m ; 
however , l i t t le or no u r a n i u m da ta could be found. F o r t h i s - — ; - -
e x p e r i m l n t a l p r o g r a m was s t a r t e d to m e a s u r e the e m i s s i v i t y of o x i d i z e d 
u r a n i u m . 

X - r a y di f f ract ion e x a m i n a t i o n of u r a n i u m c u b e s a f t e r e x t e n s i v e 
oxidat ion a t 400°, 500°, and 600°C h a s shown the p r e s e n c e of p r o g r e s s i v e l y 
h ighe r oxides on the cube face p r o c e e d i n g f r o m UO^ + U3O,, UO2 + U3O7 + 
U3O8, to UjOg at 600°C. 

Because of the e f f ec t iveness of F r e o n 152 (CH3CHF2) in l i m i t i n g 
u r a n i u m combus t ion , it w a s hoped tha t s o m e m e a n s could be found to r e ­
duce the h a z a r d of f l a m m a b i l i t y of the o r g a n i c compound i t se l f . A dev ice 
has been c o n s t r u c t e d for examin ing the f l a m m a b i l i t y l i m i t s of g a s e s and 
s e v e r a l p r e l i m i n a r y t e s t s have been m a d e . The l o w e r l i m i t of f l a m m a ­
bi l i ty of F r e o n 152 r e p o r t e d by DuPont (5 p e r c e n t ) h a s been c o n f i r m e d . 
It is p lanned f i r s t to examine the effect of C F j B r on f l a m m a b i l i t y l i m i t s 
of CH3CHF2 and then to exp lo re the e f f ec t i venes s of su i t ab l e n o n f l a m m a b l e 
m i x t u r e s of t he se two compounds on u r a n i u m c o m b u s t i o n . 

The s p h e r i c a l z i r c o n i u m powder be ing u s e d for p o w d e r ign i t ion 
s tud ies was found to conta in a g g r e g a t e s of fine p a r t i c l e s . T h e s e a g g r e g a t e s 
w e r e b r o k e n up and s e p a r a t e d into p r o p e r f r a c t i o n s by a c o m b i n a t i o n of 
shaking on the W i g - L - B u g wi thout an i m p a c t e r and s u b s e q u e n t l y s i ev ing 
in the p r e s e n c e of ioniz ing a lpha r a d i a t i o n . The p r o g r a m of s tudy of i g n i ­
tion p a r a m e t e r s wi l l con t inue . 

P lu ton ium igni t ion e x p e r i m e n t s have been p e r f o r m e d w i t h the b u r n ­
ing cu rve m e t h o d us ing 0 . 5 - c m c u b e s . S a m p l e s con ta in ing 0.5 and 1 a t o m 
p e r c e n t s i l i con igni ted a p p r o x i m a t e l y 40 d e g r e e s h i g h e r t h a n s i m i l a r 
s a m p l e s of a lpha p lu ton ium. 

B. F a s t R e a c t o r Safety S tudies 

1. TREAT P r o g r a m 

In-p i le e x p e r i m e n t s a r e being con t inued in T R E A T on f a s t r e a c t o r 
fuel s a m p l e s to obta in i n fo rma t ion on the t y p e s of fuel e l e m e n t f a i l u r e , 
me l tdown p roduc t m o v e m e n t , and the a s s o c i a t e d m e c h a n i s m s p r o d u c i n g 
such phenomena . 
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a. Dry Transparent Experiments - Five samples of argon-bonded 
uranium oxide fuel elements were exposed in TREAT transparent capsules. 
All samples were of 10.9% enrichment and 92% theoretical density uranium 
oxide cylinders, 0.180 cu in. diameter , and clad in EBR-II type fuel jackets. 
The cladding of three of the samples was of stainless steel, and the r e ­
maining two samples were clad in tantalum. These were the first meltdown 
tests on prototype fast reactor oxide fuels in t ransparent assemblies which 
permit photographing of the samples during irradiat ion. The experimental 
conditions are summarized in Table VIII. 

Table VIII. Series XXVIII, F i r s t Transparent Meltdown 
Uranium Oxide, EBR-II Type Fuel Elements 

Transient 
No. 

1 
2 
3 
4 
5 
6 
7(3) 

Sample 
No. 

1 
2 
3 
4 
4 
4 
5 

Cladding 

Steel 
Steel 
Steel 
Ta 
Ta 
Ta 
Ta 

Total 
Integrated 

Power 
(Mws) 

85 
146 
183 
132 
132 
136 

-

Maximum 
Recorded 
Cladding 

Temperature 
(°C) 

1275 
Melt 
Melt 

~1700(1) 
~1700(1) 

_(2) 
-

( l)Limit of reliability of Pt /Pt-10% Rh thermocouples. 

(2)Thermocouples lost in Transient Nos. 4 and 5. 

'3)Records not yet received. 

The samples have been shipped to the Argonne, Illinois site 
for pos t -mor tem examination. 

Metallographs have been made on oxide samples which were 
exposed in TREAT during Series XXV and Series XXIV. These metal lo­
graphs showed extensive cracking throughout, reflecting the high degree 
of thermal shock suffered by these samples. These resul ts will be com­
pared with those obtained from examination of samples exposed in 
Series XXVIII. 

b. Remote Capsule Assembly - The cask designed to handle the 
capsules for the exposure of p re - i r r ad ia t ed elements has been received. 
The unit is now being assembled and will be tested by drawing a sample 
of CP-5 fuel element into the cavity while external activity readings are 
taken. 
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The r e m o t e c l o s u r e weld ing of the c a p s u l e h a s b e e n s u c c e s s f u l l y 

a c c o m p l i s h e d and t e s t we lds w e r e m a d e . Sec t ion ing and p o l i s h i n g of t h e s e 

we lds have shown that the c l o s u r e s a r e v e r y u n i f o r m . 

A to ta l of twelve of the twenty E B R - I I e l e m e n t s i r r a d i a t e d in the 
MTR have been r e m o v e d f rom t h e i r c a p s u l e s and have b e e n e x a m i n e d ^ 
None of t he se s a m p l e s have suf fe red d a m a g e o r d e s t r u c t i o n m any way . 
TZ e s t i m a t e d bu rnups r a n g e f r o m 0.52 to 1.18%. Ac t iv i ty m e a s u r e m e n t s 
m a d e upon the se s a m p l e s show r e a d i n g s r ang ing f r o m 125R at 2 m. 
500R at 3 in. t aken at the m i d p l a n e of the fuel e l e m e n t a x i s . 

c Stagnant Sodium Capsu le ^ e s t s - Two of the four s t a g n a n t s o d i u m 
c a p s u l e s in S^Ti^s XXVII w e r e r ^ ^ v e d and e x a m i n e d d u r i n g t h i s p e r i o d . 
This g roup of t e s t s c o m p r i s e s a s tudy of the effect of an a x i a l l y - s h a p e d 
n e u t r o n flux on the f a i l u r e of 3% e n r i c h e d E B R - I I f i s s i u m p r o t o t y p e fuel 
e l e m e n t s i m m e r s e d in s t agnan t sod ium. E x p e r i m e n t a l cond i t i ons a r e 
s u m m a r i z e d in Tab le IX. 

Table IX. S e r i e s XXVII, 3% E n r i c h e d F i s s i u m Alloy, 
E B R - I I F u e l E l e m e n t s in S tagnant Sodium 

To ta l M a x i m u m 
I n t e g r a t e d R e c o r d e d 

Sample kex P o w e r T e m p e r a t u r e 
No. (%) (Mws) (°C)'^^ 

1 1.54 152 680 
2 1.52 197 730 

( l ) T h e r m o c o u p l e i m b e d d e d in end of fuel p in , in 
r eg ion of t a n t a l u m n e u t r o n a b s o r b e r . 

Ne i the r of the two s a m p l e s fa i l ed by p e n e t r a t i o n of c ladd ing 
dur ing the t r a n s i e n t . Sample No. 1 was s l igh t ly w a r p e d , and i t s h e l i c a l 
s e p a r a t o r w i r e w a s l o o s e . The s o d i u m t h e r m a l bond w i th in the c ladd ing 
was in tac t , wi th only a s m a l l spot of e u t e c t i c about o n e - t h i r d fuel p i n 
length f rom the top of the e l e m e n t . 

Sample No. 2 had an e x t e r n a l a p p e a r a n c e s i m i l a r to No. 1. 
However , the c e n t r a l p o r t i o n of the fuel p in w a s found to be c o n s i d e r a b l y 
e r o d e d , and c o v e r e d wi th e u t e c t i c . The b e h a v i o r of the two s a m p l e s is 
cons i s t en t with o the r o b s e r v a t i o n s , and the coo lan t ef fect of the a n n u l a r 
s tagnant sod ium is s e e m i n g l y d e m o n s t r a t e d . 

Samples Nos. 3 and 4 of t h i s s e r i e s a r e u n d e r p r e p a r a t i o n and 
should be sh ipped to T R E A T soon. Since the f i r s t two t e s t s of the s e r i e s 
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yielded resul ts indicating the reactor energy release was about 16% lower 
than needed to obtain extensive failure of the fuel samples, tes ts 3 and 4 
will be initiated with higher kex and clipped at a higher total integrated 
power. 

d. Small Sodium Loop - Several difficulties have been encountered 
in the testing of the small sodium loops. The first resulted from the un­
expected appearance of a leak in the electro-magnetic pump tube at the 
electrode-to-tube transi t ion weld seam. It was subsequently determined 
that this was caused by cracking of the metal under the s t r e s ses produced 
by welding. This recur ren t condition necessi tates microscopic examina­
tion of all pump tubes before installing them in pump assembl ies . 

The second problem is concerned with the inexplicable loss 
of sensitivity of the p r e s su re t ransducers when sodium is introduced into 
the loop. Good resul ts have been obtained from prior p ressu re calibrations 
of the t r ansducers , at t empera tures up to 375°C, using gas p ressu re . 
However, when molten sodium was the fluid medium, the strain-bridge 
t ransducers became inoperative. The problem is under investigation. 

The cask design has been started, in conjunction with a p r e ­
liminary study of the required handling sequence for the experimental 
assembly. A study of the instrumentation requirements has been completed, 
and circuitry drawings are in preparation. Instrument types have been 
selected. 

e. Large Sodium Loop - The final building conversion requirements 
have been set for the pit, s ta i r s , and equipment crane in the TREAT 
building. 

Remote handling procedures have been studied and discussed 
with the Remote Control Division personnel. In addition, the prel iminary 
cask design was discussed with Special Materials Personnel , and was de­
clared acceptable. Calculations for the final cask design have been 
completed. 

The sizing and location of the loop heaters is underway, and it 
is expected that this aspect of the loop design will be completed shortly. 
The system will require 80 kw of power for thawing and heating to a tem­
perature of 480°C in 5 hours. The sodium compartment cooling requi re ­
ment of 25 kw (7 tons) can be satisfied most compactly and economically 
by forced air evaporative cooling. 
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2. Theor^J^£al_Studies 

a Heat Transfer Calculations^qr J -^s lR^eax to^^ lement^ iB 
Liquid MetarCo-oTantT-"-Inirp7e-o"^progress report (ANL-6473, Reactor 
^^^r^;^i^^^^^r¥?^J^7I^ Progress Report, November ^ 961), mention wa ŝ 
made of a study of the axial variation m heat t ransfer coefficient from a 
"yUndrical pm in an idealized model of a possible TREAT meltdown ex-
S r i m e n t . The model considered was that of a heated ^^^R-H fuel element 
surrounded by a cluster of unhealed EBR-II elements on the EBR-II pitch. 

One of the conclusions drawn from the study was that sa t i s ­
factory results should obtain if the available turbulent flow correla t ions 
were used to predict sample heat fluxes over the entire length of the fuel 

element. 

A further study has been made of the available correla t ions 
for fully developed turbulent heat transfer coefficients, for paral le l flow 
through a bundle of fuel pins. Of the theoretical correlat ions available, 
four were considered to be most applicable to the meltdown model hypoth­
esized previously. It was concluded that none of the four correla t ions 
would correctly predict heat transfer coefficients for fully developed tur ­
bulent flow of sodium through a bundle of pins having a pi tch- to-diameter 
ratio of 1.28. These predictions are consistently much lower than the 
values obtained in the small amount of experimental work performed, 
and this is to be expected for the particular case of paral lel flow through 
a bundle of pins. 

In the absence of a more exact correlat ion, and with an estimate 
of the discrepancy between available correlations and the modelled mel t ­
down case, it is suggested that Nusselt numbers in fully developed turbulent 
flow may be calculated by increasing the values in the relation due to Seban 
by 20%. The revised equation would be 

Nu = 6.96 + 0.024 Pe"-* 

It was also concluded that a study should be made to determine 
the temperature variation around the circumference of the pin. In all the 
available analyses of correlations of turbulent heat t ransfer coefficients, 
the circumferential temperature variation has been neglected. However, 
it has been demonstrated that appreciable circumferential tempera ture 
gradients exist in a fast reactor fuel assembly, especially where the fuel 
pins are wrapped with helically pitched wire, which further increases the 
irregularity of the coolant passage shape. If the circumferential t empera ­
ture gradients are appreciable in the meltdown exper iments , their presence 
might determine the angular position of a fuel pin failure. 
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IV. NUCLEAR TECHNOLOGY AND GENERAL SUPPORT (040400) 

A. App l i ed N u c l e a r P h y s i c s 

1. 3.0 Mev Van de Graaff 

a. F a s t N e u t r o n S c a t t e r i n g by T i m e - o f - F l i g h t - Dur ing the p a s t 
m o n t h a p p r o x i m a t e l y one h u n d r e d h o u r s of a c c e l e r a t o r t i m e w e r e devo ted 
to s t u d i e s of the a n g u l a r d i s t r i b u t i o n of e l a s t i c a l l y and i n e l a s t i c a l l y s c a t ­
t e r e d n e u t r o n s f r o m U"*, U"^, t u n g s t e n , and t a n t a l u m . The inc iden t 
e n e r g y e x t e n d e d f r o m 350 kev to 1.2 Mev. The U " ° r e s u l t s a r e a con t i nu ­
a t ion of t h o s e r e c e n t l y shown ( A N L - 6 4 7 3 , Monthly P r o g r e s s R e p o r t for 
N o v e m b e r 1961). The s t u d i e s of e l a s t i c s c a t t e r i n g f rom t a n t a l u m a r e 
s u m m a r i z e d in F i g u r e 4. In add i t ion to the e l a s t i c a l l y s c a t t e r e d c o m p o ­
nent g iven in the f i gu re , the d i f f e r e n t i a l c r o s s s ec t i on for i n e l a s t i c s c a t ­
t e r i n g f r o m t a n t a l u m was ob ta ined t h roughou t the inc iden t n e u t r o n e n e r g y 
r a n g e . F o r e a c h of the s tud ied i s o t o p e s , the m e a s u r e d i n e l a s t i c and e l a s t i c 
d i f f e ren t i a l s c a t t e r i n g c r o s s s e c t i o n s a r e in good a g r e e m e n t wi th the 
pub l i shed t o t a l s c a t t e r i n g c r o s s s e c t i o n s . 

A v e r y e n c o u r a g i n g a s p e c t of the above w o r k is the s t e a d i l y 
i n c r e a s i n g p r e c i s i o n of the m e a s u r e m e n t s and the r e l i a b i l i t y of the s e n ­
s i t ive a p p a r a t u s e m p l o y e d . Cont inuing i m p r o v e m e n t in both da ta p r o c e s s ­
ing and a u t o m a t i o n of the e q u i p m e n t has i n c r e a s e d the e x p e r i m e n t a l 
p roduc t iv i t y . 

b . F i s s i o n F r a g m e n t M a s s and Angu la r D i s t r i b u t i o n s - Ignor ing 
n e u t r o n and g a m m a - r a y e m i s s i o n , it can be shown that 

M l V , 

Ml + M2 E l + E2 Vl + V2 

w h e r e Mi and M2 a r e the f i s s ion f r a g m e n t m a s s e s , E i and E j a r e t h e i r 
r e s p e c t i v e e n e r g i e s , and Vi and V2 a r e the c o r r e s p o n d i n g vo l t age p u l s e s 
p r o d u c e d f r o m l i n e a r d e t e c t o r s . The p u l s e s a r e added and the ind ica ted 
d iv i s ion IS p e r f o r m e d e l e c t r o n i c a l l y . In i t i a l t e s t s us ing diffuse junc t ion 
sol id s t a t e d e t e c t o r s and 100 m g of U " ' m o u n t e d on an 80 mg n i c k e l foil 
gave a peak to v a l l e y r a t i o of about 200 when a l l of the f i s s ion even t s w e r e 
a c c e p t e d and a r a t i o of about 550 when only t h o s e f i s s ions wi th a t o t a l 
e n e r g y g r e a t e r than 160 Mev (about 60%) w e r e a c c e p t e d . T h e s e v a l u e s 
m u s t be c o m p a r e d to the p e a k to v a l l e y r a t i o of about 600 ob ta ined by 
r a d i o c h e m i c a l m e t h o d s . The low p e a k to v a l l e y r a t i o ob ta ined when a l l 
f i s s i ons a r e a c c e p t e d m a y be in p a r t due to "w indows" and n o n - l m e a r i t i e s 
in the d e t e c t o r s and to s m a l l f i s s i on p u l s e s ob ta ined when the f r a g m e n t s 
e n t e r the e d g e s of the d e t e c t o r s . 



Figure 4 

Elastic Scattering of Neutrons by Tantalum 
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Some m e a s u r e m e n t s have been m a d e of the effect of b i a s 
vo l t age on the r e s p o n s e of the diffuse junc t ion d e t e c t o r s to f i s s ion f r a g ­
m e n t s . F o r d e t e c t o r s f a b r i c a t e d f r o m about 1000 o h m / c m m a t e r i a l , 
v a r i a t i o n of the b i a s vo l t age over the r a n g e 1 to 100 vo l t s gave no change 
in the r e l a t i v e he igh t s of the l ight and heavy m a s s p e a k s . The dependence 
of the pu l s e r i s e t i m e over the s a m e b i a s vo l t age r a n g e is g iven by 

R i s e t i m e s for a lpha p a r t i c l e s a r e £10 n a n o s e c o n d s . 

c N e u t r o n C a p t u r e C r o s s Sec t ions - The a b s o l u t e n e u t r o n c a p t u r e 
c r o s s s e c t i o n s of Rh'"^ (n,7) Rh'°*"^ and Rh'°^ (n,7) Rh'°^ w e r e m e a s u r e d 
using a c t i v a t i o n t e c h n i q u e s . C r o s s s e c t i o n s for the 4 . 4 - m i n ac t iv i ty (Rh ) 
and the 4 2 - s e c ac t i v i t y (Rh'°^) w e r e obta ined independent ly . Two counting 
m e t h o d s w e r e used for the c r o s s s ec t i on d e t e r m i n a t i o n . In the f i r s t me thod 
thin (about 2-8 m i c r o n s th ick) r h o d i u m foils w e r e i r r a d i a t e d in a known 
n e u t r o n flux m e a s u r e d wi th a U^" f i s s ion c h a m b e r , and then counted in a 47T 
s p a c e be t a c o u n t e r . In the second me thod , the be ta ac t iv i ty f rom a th ick 
(250 m i c r o n ) r h o d i u m foil was c o m p a r e d to the f i ss ion r a t e f rom a U 
foil in a fas t (500 kev) n e u t r o n flux and a t h e r m a l n e u t r o n flux. 

The r e s u l t s for the c a p t u r e c r o s s sec t ion leading to the 4 . 4 - m i n 
ac t iv i ty of Rh'"^"^ and the 4 2 - s e c ac t iv i ty of Rh'"^ a r e given in Table X. The 
e r r o r in the c r o s s sec t ion va lue s has not been fully eva lua ted ; however , a 
t en t a t ive e r r o r of ±20% is p laced on a l l m e a s u r e m e n t s . 

f r ,1 104m J D u it^' 

Table X. Capture Cross Sections of Rh and Kh 

En(kev) 

175 
200 
250 
300 
350 
400 
450 
500 
600 
700 
800 
900 
1000 
1100 
1200 
1300 
1400 
1500 
1600 
1700 

Rh'°«" 
0̂ (42 sec) barns 

.329 

.295 

.232 

.227 

.210 

.0148 

.127 

.094 

.092 

.073 

.053 

.056 

.056 

.050 

.042 

.044 

.037 

.038 

.034 

.031 

Rh'"* 
0(-(4.4 min) barns 

.041 

.040 

.033 

.032 

.026 

.022 

.018 

.014 

.013 

.012 

.011 

.009 

.010 

.009 

.010 

.009 

-
.009 
.009 
.009 
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2. Argonne ThermaT^Sou^ce R e a c t o r (ATSR) 

a R e s o n a n c e I n t e g r a l M e a s u r e m e n t s - M e a s u r e m e n t s w e r e m a d e 
to al low an Es t ima t e of the T i i ^ n ^ ^ H T ^ ^ ^ ^ ^ ^ ^ t i o n s due to s c a t t e r i n g and 
s lowing down by foil s a m p l e s . O b s e r v a t i o n s of the r e a c t i v i t y ef fec ts of 
c a r b o n and teflon when o s c i l l a t e d in the c a d m i u m tube m d i c a t e tha t the 
effects a r e due a l m o s t e n t i r e l y to s lowing down of n e u t r o n s and s u b s e q u e n t 
c a p t u r e m the c a d m i u m . The r e a c t i v i t y effects a p p e a r to be p r o p o r t i o n a l 
to ? a , . Osc i l l a t ion of a lead s a m p l e s e e m s to i n d i c a t e tha t ef fects due to 
s c a t t e r i n g of n e u t r o n s out of the tube a r e n e g l i g i b l e . 

Ca l ib r a t i on of the r e s o n a n c e i n t e g r a l m e a s u r i n g s y s t e m was 
begun. After s e v e r a l days of o b s e r v a t i o n it b e c a m e a p p a r e n t t ha t the rod 
r e s p o n s e was non l inea r . Study of the v a r i o u s p o s s i b l e c a u s e s i s s t i l l in 
p r o g r e s s . The rod d r ive s y s t e m has b e e n o v e r h a u l e d and i m p r o v e d , and 
a l l m e c h a n i c a l dif f icul t ies s e e m to have b e e n o v e r c o m e . 

Dur ing a rou t ine check of the r e a c t o r s y s t e m it was d e t e r m i n e d 
that the r e a c t o r c o r e wa t e r had b e c o m e s o m e w h a t r a d i o a c t i v e . The r e a c ­
tor was out of ope ra t i on for a p p r o x i m a t e l y a w e e k and a half d u r i n g which 
t i m e the c o r e wa te r was r e p l a c e d , the c o r e t ank r i n s e d , and the 
2 X 6 x 0 .025- in . u r a n i u m - a l u m i n u m a l l oy fuel p l a t e s r e p l a c e d wi th p l a t e s 
having a p r o t e c t i v e coat ing of " H e a t - R e m " a l u m i n u m pa in t . 

b . F lux P e r t u r b a t i o n M e a s u r e m e n t s - A c t i v a t i o n and count ing of a 
f i r s t s e r i e s of gold foils in a g r a p h i t e b lock d r i v e n by ATSR was c o m p l e t e d . 
The foils w e r e a c t i v a t e d in the c e n t e r of a 2 0 - c m cubic void in the g r a p h i t e 
b lock. The c a d m i u m r a t i o a t th i s l oca t ion w a s b e t w e e n 400 and 900 d e p e n d ­
ing on the t h i c k n e s s of the foil. The foil t h i c k n e s s e s r a n g e d f r o m 0.00075 
to 0.05 cm. Fo i l s of eight d i f fe ren t t h i c k n e s s e s wi th in t h e s e l i m i t s w e r e 
i r r a d i a t e d with both a l u m i n u m and c a d m i u m c o v e r s . The i n t e n s i t y of e a c h 
i r r a d i a t i o n was m o n i t o r e d by a foil l oca t ed in the g r a p h i t e 30 c m f r o m the 
r e a c t o r i n t e r f a c e . This m o n i t o r foil was c a d m i u m c o v e r e d in o r d e r to 
r e d u c e i t s high ac t iv i ty . The count ing r a t e of foi ls wi th a t h i c k n e s s of m o r e 
than 0.0025 c m had to be c o r r e c t e d for g a m m a a b s o r p t i o n in the foil . The 
c o r r e c t i o n factor was e s t a b l i s h e d by count ing foils whi le they w e r e c o v e r e d 
by l a y e r s of d i f ferent t h i c k n e s s e s of n o n a c t i v a t e d gold. 

The r e s u l t s of t h e s e f i r s t m e a s u r e m e n t s gave a r o u g h c o n f i r m a -
of a y - E3(tZa^) dependence of the self sh i e ld ing for i n c i d e n t t h e r m a l n e u ­
t r o n s . The c a d m i u m - c o v e r e d foils wh ich a r e a c t i v a t e d m o s t l y by r e s o n a n c e 
n e u t r o n s showed a self sh ie ld ing which is no t in d i s a g r e e m e n t wi th the 
fo rmula given by B l o s s e r , et_al. , in O R N L - 2 8 4 2 . S t a t i s t i c a l and o t h e r 
i n a c c u r a c i e s a r e so l a r g e , howeve r , tha t the r e s u l t s canno t be c a l l e d a c o n ­
f i r m a t i o n of th is f o r m u l a . An i n v e s t i g a t i o n of the r e p r o d u c i b i l i t y of count ing 
r a t e s of the s a m e foil in our count ing a p p a r a t u s i n d i c a t e s tha t the b i g g e s t 
changes occur wheneve r the foil is t a k e n out of the a p p a r a t u s , t hen put in 
aga in and counted aga in . 
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The r e p r o d u c i b i l i t y of the f o i l - c o u n t e r g e o m e t r y in our coun te r 
has to be c o n s i d e r a b l y i m p r o v e d . T h e r e a r e a l s o s l ight shi f ts of count ing 
r a t e wi th t i m e ( a p a r t f r o m n a t u r a l d e c a y ) when the foil i s not m o v e d be tween 
c o u n t s . T h e s e m a y be due to v o l t a g e i n s t a b i l i t i e s and a r e not a s s e r i o u s a s 
t hose m e n t i o n e d b e f o r e . 

3. V for U " ^ and Cf"^ 

M o s t of the da t a ob ta ined in the U v m e a s u r e m e n t a t C P - 5 
have b e e n a n a l y z e d , and s o m e p r e l i m i n a r y c o n c l u s i o n s a r e be ing e s t a b l i s h e d . 
St i l l to be c o m p l e t e d for the f i r s t c o m p l e t e s t ag ing of the e x p e r i m e n t i s the 
a b s o l u t e c a l i b r a t i o n of the s t a n d a r d Mn^' c o u n t e r . M o r e a d v a n c e d c a l c u l a ­
t ions m u s t a l s o be m a d e . 

A l l t h r e e of the p r i m a r y e x p e r i m e n t s c a r r i e d out whi le us ing 
the C P - 5 t h e r m a l c o l u m n su f f e red f r o m u n s t a b l e o p e r a t i o n of a s p e c i a l l y 
d e s i g n e d l iqu id c o u n t e r wh ich u s e d C e r e n k o v r a d i a t i o n for i t s s i g n a l s . B e ­
c a u s e of the lag invo lved in p r o c e s s i n g the da ta , th i s s i t ua t ion was not 
u n c o v e r e d unt i l the a l l o c a t e d t i m e a t the r e a c t o r had e x p i r e d . F o r the two 
r e l a t i v e e x p e r i m e n t s ( m a n g a n e s e / h y d r o g e n a b s o r p t i o n r a t i o and c a d m i u m 
c a p t u r e s ) t h i s r e s u l t s in an e r r o r s p r e a d in e x c e s s of the p u r e l y s t a t i s t i c a l . 
Hence , for the a b s o l u t e count ing ob jec t ive an u n a c c e p t a b l e u n c e r t a i n t y is 
p r e s e n t . 

A new l iquid s c i n t i l l a t i o n c o u n t e r has been c h e c k e d out. Af ter 
i n t e r c a l i b r a t i n g it w i th the C h e r e n k o v - N a l l iqu id c o u n t e r , the l a t t e r wi l l 
be d i s m a n t l e d and r e p l a c e d by a m o r e eff ic ient and s t a b l e 7 - 7 d e t e c t o r . 
The s c i n t i l l a t i o n c o u n t e r wi l l a g a i n be used for i n t e r c a l i b r a t i o n . The s y s ­
t e m wi l l be c h e c k e d out wi th a R a - a - B e s o u r c e p r i o r to r e c e i p t of the 
r e q u i r e d Cf"^ In add i t ion , a s e t of c o n c e n t r a t i o n r u n s wi l l be c a r r i e d out 
with the R a - a - B e s o u r c e , to p r o v i d e s o m e usefu l i n f o r m a t i o n on the e f fec­
t ive m a n g a n e s e / h y d r o g e n a b s o r p t i o n for h a r d s p e c t r u m n e u t r o n s . Th i s 
quan t i ty is c r i t i c a l to m o s t n e u t r o n s t a n d a r d i z a t i o n e f fo r t s , and such d i r e c t 
m e a s u r e m e n t s have not h e r e t o f o r e b e e n m a d e for any fas t n e u t r o n s o u r c e . 

4. F a s t S p e c t r u m M e a s u r e m e n t s 

The m e a s u r e m e n t of f a s t n e u t r o n r e a c t o r s p e c t r a has b e e n p e r ­
f o r m e d in the p a s t wi th m o d e r a t e s u c c e s s by a m e t h o d involving the d e t e c ­
t ion of r e c o i l p r o t o n s p r o d u c e d by a n e u t r o n b e a m e m a n a t i n g f rom a fas t 
r e a c t o r a s s e m b l y ( P e r l o w c o i n c i d e n c e s p e c t r o m e t e r t e chn ique ) . Two 
a l t e r n a t e m e t h o d s wh ich p r o m i s e i m p r o v e m e n t t h r o u g h h ighe r eff ic iency 
and e l i m i n a t i o n of the n e e d for c o l l i m a t e d n e u t r o n s a r e being i n v e s t i g a t e d . 
One e m p l o y s so l id s t a t e d e t e c t o r s , the o t h e r u s e s e l e c t r o n i c p r o c e s s i n g 
of the p u l s e s f r o m a g a s - f i l l e d c o u n t e r to d i s t i n g u i s h the n e u t r o n - m d u c e d 
p u l s e s f r o m t h o s e c a u s e d by g a m m a r a y s . 
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Li^ has been c o m p a r e d to B a s 
s t a t e , fast n e u t r o n s p e c t r o m e t e r . The s i g n a l d e r i v e d f r o m the t r i t i u m 
p r o d u c e d by t h e r m a l n e u t r o n b o m b a r d m e n t of a v e r y t h m l i t h i u m l a y e r 
s e p a r a t e d f rom the d e t e c t o r t h r o u g h a m o d e r a t e l y s e v e r e c o l l i m a t o r , has 
shown sufficient r e s o l u t i o n tha t l i t h ium m a y be c o n s i d e r e d a m o r e p r o m ­
is ing m a t e r i a l than bo ron . A code which would r e s o l v e the s p e c t r u m of 
the inc ident flux f rom the effects of coun te r r e s o l u t i o n , c e n t e r of m a s s 
mot ion , and the a n g u l a r d i s t r i b u t i o n of the r e a c t i o n p r o d u c t s is be ing 
inves t iga t ed . An a l t e r n a t e c o n s t r u c t i o n of the s p e c t r o m e t e r wi l l u s e the 
combined s igna l s f rom the t r i t i u m and a lpha p a r t i c l e p r o d u c e d m the d i s ­
i n t e g r a t i o n of a l i th ium n u c l e u s . The e q u i p m e n t to m a k e p r e l i m i n a r y 
t e s t s of the m e r i t s of th i s s c h e m e is r e a d y ; the a c t u a l t e s t i n g h a s b e e n 
de layed due to the schedu le of C P - 5 . The p r o p o s e d c o n s t r u c t i o n of the 
s p e c t r o m e t e r wil l differ f rom that used a t Oak Ridge t h r o u g h the a d d e d 
f ea tu re of coUima t ion of e i t he r the t r i t i u m only, or of bo th d i s i n t e g r a t i o n 
p r o d u c t s . This i s expec t ed to p r o d u c e b e t t e r e n e r g y r e s o l u t i o n a t the 
expense of i n c r e a s e d s i ze and s m a l l e r e f f ic iency of the c o u n t e r 
combina t ion-

Using a p r o p o r t i o n a l coun te r f i l led wi th a m i x t u r e of 1 a t m of 
p ropane and 1 a t m of N2 (in o r d e r to m a k e u s e of the N " ( n . p ) c " r e a c t i o n 
a s a c a l i b r a t i o n l ine) , it was p o s s i b l e to d i s c r i m i n a t e u n a m b i g u o u s l y 
a g a i n s t 7 - r a y backg round down to an e n e r g y of 100 kev. At th i s e n e r g y 
7 c o n v e r s i o n e l e c t r o n s w e r e m o r e n u m e r o u s than p r o t o n r e c o i l e v e n t s 
by a factor of 10 or m o r e . E l e c t r o n even t s w e r e o b s e r v e d in n u m b e r s 
c o m p a r a b l e to p ro ton r e c o i l s up to an e n e r g y of about 400 kev. The 
7 -n d i s c r i m i n a t i o n s y s t e m employed has ex t ended the usefu l r a n g e of the 
coun te r by a fac tor of four in th is c a s e , 

5, Study of Reso lv ing Lcjss^ C o r r e c t i o n s for S c a l e r Data 

Reso lv ing l o s s c o r r e c t i o n fac tor p r o b l e m s a r e e n c o u n t e r e d in 
m e a s u r i n g flux in c r i t i c a l e x p e r i m e n t s . Study of v a r i o u s c o r r e c t i o n 
f a c t o r s p r e v i o u s l y used ind ica ted a fundamen ta l s i m i l a r i t y which can be 
shown by expanding the c o r r e c t i o n f a c t o r s a s power s e r i e s of (nr ) w h e r e 
(n) is the o b s e r v e d count r a t e and (T) i s the r e s o l v i n g i n t e r v a l a c c o m p a n y ­
ing an i so l a t ed s c a l e d event . The coef f ic ien t s of the power s e r i e s in (nr ) 
a r e the n o r m a l i z i n g coeff ic ients for the v a r i o u s o r d e r s of s e q u e n c e s 
which fail to r e s o l v e In each s e r i e s the coef f ic ien t of the f i r s t p o w e r 
t e r m is unity; that of the second power t e r m is the n o r m a l i z i n g coeff i ­
c ien t for u n r e s o l v e d doub le t s ; and that of the t h i r d power t e r m is for 
u n r e s o l v e d t r i p l e t s , e t c . On th i s b a s i s the v a r i o u s f a c t o r s m a y be c o m ­
p a r e d and eva lua t ed . 

If the sca l ing r a t e is defined a s (n), the c o r r e c t e d r a t e ( N ) , and 
the r e s o l v i n g i n t e r v a l for an i s o l a t e d even t ( T ) , the following e q u a t i o n s 
a r e obta ined: 
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N , = — 2 _ = n ( l + nx + n^T^ + n^T^ + • • •) , a s a l ower l i m i t 
L 1 - nT 

n (1 + n r + 2 n V + 3nV^ + • • •) , a s an upper l i m i t 
U 1 - N y T 

N p = n P = n (1 + n T + 7 " ^ ^ + Y n V ' + • • •) 

The e x p r e s s i o n for ( N L ) i m p l i e s tha t e v e r y s c a l e d event is a c c o m ­
panied by a r e s o l v i n g i n t e r v a l (T ) and that u n r e s o l v e d ev en t s (double ts and 
t r i p l e t s ) do no t ex tend th i s i n t e r v a l . Consequen t ly , the n o r m a l i z i n g coeff i ­
c i en t s a r e a l l uni ty and the s a m e r e s o l v i n g i n t e r v a l i s c r e d i t e d for u n r e ­
so lved d o u b l e t s and t r i p l e t s a s for s ing l e s c a l e d e v e n t s . The e x p r e s s i o n for 
(Nu) i m p l i e s t h a t s c a l e d and u n r e s o l v e d even t s both add equa l ly to the 
u n r e s o l v e d i n t e r v a l , c o n s e q u e n t l y the n o r m a l i z i n g coeff ic ient for an u n r e ­
so lved double t i s two, e t c . The e x p r e s s i o n for (Np) , the P o i s s o n f o r m u l a ­
tion, i m p l i e s tha t e q u a l i n t e r v a l s (T ) a r e i n i t i a t e d by e a c h event w h e t h e r 
s c a l e d or u n r e s o l v e d . S ince an u n r e s o l v e d even t i s j u s t a s l ike ly to fall 
e a r l y a s l a t e in the i n t e r v a l (T) fol lowing the p r e c e d i n g event , the i n t e r v a l s 
o v e r l a p and f r a c t i o n a l n o r m a l i z i n g coef f ic ien t s a r e ob ta ined for doub le t s 
and t r i p l e t s . T h e s e f r a c t i o n a l coef f i c ien t s a r e the s t a t i s t i c a l l y a v e r a g e d 
va lues for r a n d o m o r d e r e d e v e n t s . 

S ince s c a l i n g p r o d u c e s a count ( s ) du r ing a count ing i n t e r v a l ( t ) , of 
a foil wi th a d e c a y c o n s t a n t (X), it m a y be m o r e conven ien t to use t h e s e 
t e r m s in t r e a t i n g da ta , a s shown in the following equa t ion . This y ie lds a 
count(s t wh ich is c o r r e c t e d for r e s o l v i n g l o s s . 

S p 
^̂ - f, . ^ ' t ^ \.'''^' (1 + ^ e 

The c o r r e c t e d count equa t ion is equ iva l en t to the c o u n t - r a t e equa­
tion if (Xt) i s s m a l l . The (s ;) t e r m s a r e a l m o s t i n c o n s e q u e n t i a l for a 
count ing i n t e r v a l s h o r t e r than a ha l f - l i f e . They m a y be a s l a r g e a s 
(1 /100) if (Xt) e x c e e d s uni ty . 

6. High C o n v e r s i o n C r i t i c a l E x p e r i m e n t 

E x p e r i m e n t a t i o n con t inued wi th the 1.27 c m p i t ch t r i a n g u l a r 
l a t t i c e B O R A X - V fueled c o r e . M e a s u r e m e n t s inc luded t h e r m a l u t i l i z a ­
t ion, fas t f i s s i o n f ac to r , and U " ' c a p t u r e c a d m i u m r a t i o . N e u t r o n t e m ­
p e r a t u r e p lus s u p p l e m e n t a r y m e a s u r e m e n t s a t r e s o n a n c e e n e r g i e s a r e 
being m a d e . C l o s e a g r e e m e n t was ob t a ined in m e a s u r i n g the c e n t r a l 
void coef f ic ien t by w a t e r d i s p l a c e m e n t us ing a l u m i n u m void t ubes and 
tef lon r o d s . The coef f ic ien t i s - 0.6% r e a c t i v i t y p e r % void . 
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7. Theo_rRJuca]^ea^ctor P h y s i c s 

a T r a n s p o r t A p p r o x i m a t i o n s m T h e ^ m a l _ R e a c t o r L a t t i c e s _ - The 
s impl i f i ed i ^ t ' e i T I l T r a n s p o r T a p p r o x i m a t i o n e m p l o y e d in s l ab g e o m e t r y 
h e t e r o g e n e i t y c a l c u l a t i o n s ! „f f^st c r i t i c a l a s s e m b l i e s has b e e n a p p l i e d to 
a s a m p l e p r o b l e m of t h e r m a l r e a c t o r l a t t i c e sel f sh i e l d i n g . The p e r i o d i c 
s l ab l a t t i c e has n o n s c a t t e r i n g a b s o r b e r of t h i c k n e s s 0.295 m e a n f r ee p a t h s , 
and n o n - a b s o r b m g m o d e r a t o r of t h i c k n e s s 9,1504 m e a n f r ee p a t h s , A 
^pf-ioofrf^ , to rt . ^ of 0.802 IS ob ta ined . By a s ing l e f l a t -

T o u r c : i t ^ ^ ^ i o ^ t L v ^ E e t J c ^ ^ m e s 0.789, T h e s e m a y be c o m p a r e d wi th 

the " e x a c t " va lue of 0.7843 r e p o r t e d by Bohl, et aA.^ 

b. _Fuel_Cycle Studies - The I B M - 7 0 4 fuel cyc le p r o g r a m C Y C L E 
has been used to ana lyze 175, 350, and 700 Mwe p l u t o n i u m - f u e l e d fas t 
r e a c t o r s for r e p r e s e n t a t i v e m e t a l , oxide , and c a r b i d e s y s t e m s . The fo l ­
lowing a s s u m p t i o n s w e r e m a d e : 1 M w / l i t e r power d e n s i t y in the c o r e for 
the m e t a l and c a r b i d e s y s t e m s and 0,5 M w / l i t e r for the oxide s y s t e m s ; a 
t h e r m a l eff ic iency of 0.4 for the ox ides and c a r b i d e s and 0.35 for m e t a l . 
The m e t a l s y s t e m s had a 2% b u r n u p in the c o r e and a 0.5% f i s s ion p r o d u c t 
bui ldup m the i n n e r m o s t b lanke t r eg ion . The ox ides and c a r b i d e s w e r e 
a l lowed to b u r n to 5% in the c o r e and 1.25% in the i n n e r m o s t b l a n k e t z o n e s . 
Al l s y s t e m s u t i l i zed cyc l ic c o r e and b l anke t m a n a g e m e n t s c h e m e s . 

E x a m i n a t i o n of the b r e e d i n g ga ins a t t a i n e d in the v a r i o u s 
b lanke t zones ind ica te that the 40 c m u s e d for the m e t a l b l a n k e t s i s p r o b a ­
bly a r e a s o n a b l e t h i c k n e s s but that the o r i g i n a l 6 0 - c m oxide and 5 0 - c m 
c a r b i d e b l anke t s should be r e d u c e d to 50 and 45 c m r e s p e c t i v e l y . S u b s e ­
quent p r o b l e m s wil l a l s o i n c o r p o r a t e an o u t e r 1 0 - c m i n e r t r e f l e c t o r of 
90% s t a i n l e s s s t e e l and 10% sod ium 

Cost a n a l y s e s on t h e s e f i r s t n ine p r o b l e m s i n d i c a t e tha t 
f ab r i ca t ion and p r o c e s s i n g c o s t s r e p r e s e n t a m a j o r f r a c t i o n of the t o t a l 
c o r e and b lanke t fuel c o s t s . In add i t ion , for the a s s u m e d b a s i c c h a r g e s , 
the c a r b i d e s y s t e m s had c o n s i s t e n t l y the l o w e s t c o s t s and the m e t a l s y s ­
t e m s the h ighes t . 

Work is c u r r e n t l y be ing done to i m p r o v e the n u c l e a r c r o s s 
s e c t i o n s of the l ight e l e m e n t s with the he lp of the E L M O E code . In add i t i on , 
lower va lues as given by the l a t e s t e x p e r i m e n t a l da ta wi l l be u s e d for v of 
U"^ in fu r the r CYCLE p r o b l e m s . 

D. Meneghe t t i , " C o n v e r g e n c e of T r a n s p o r t Solu t ions for Th in Slab 
C e l l s , " A N L - 6 3 4 5 (Apr i l 1961), 

L S, Bohl, J C. S t ewar t , and N. C. F r a n c i s , N u c Sci . & Eng . 4^ 
257 (1958). 
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8. M a t h e m a t i c a l N u m e r i c a l M e t h o d s A n a l y s i s 

A m a j o r s o u r c e of diff icul ty in c o m m u n i c a t i n g c o m p u t a t i o n a l 
s c h e m e s by p u b l i c a t i o n in a p r o b l e m - o r i e n t e d l anguage is the diff icul ty 
of e l i m i n a t i n g h u m a n e r r o r s in typing, t y p e s e t t i n g , and c a r d punching . 
To r e d u c e t h e s e e r r o r s , r e d u n d a n t i n f o r m a t i o n , s u c h a s p a r i t y and s u m 
checks can be i n t r o d u c e d , and p u b l i s h e d a long wi th the p r o c e d u r e . 
Unfor tuna te ly , the t y p i c a l a l g o r i t h m is qu i te a s p e c i a l i z e d type of m e s ­
sage , wi th a n o n - r a n d o m , and so far unknown d i s t r i b u t i o n of s y m b o l s , 
and the e r r o r s wh ich m a y be e x p e c t e d a r e far f rom the s i m p l e d i s t r i b u ­
t ions t r e a t e d in s t a n d a r d i n f o r m a t i o n t h e o r y . An ad hoc s c h e m e m u s t 
t h e r e f o r e be d e v i s e d . 

F o r check ing a l g o r i t h m s w r i t t e n in Algol , the following c r i t e r i a 
s e e m d e s i r a b l e : 

(1) The s c h e m e should be c o m p a t i b l e wi th the s t r u c t u r e of 
Algol 60. P r o g r a m s and s u b - p r o g r a m s con ta in ing the check ing data should 
be t r a n s l a t a b l e on any t r a n s l a t o r wh ich could t r a n s l a t e the p r o g r a m a l o n e . 

(2) The c h e c k should cover not only the e n t i r e p r o g r a m , but i t s 
log ica l s u b d i v i s i o n s , so tha t i n s t a l l a t i o n s d e s i r i n g to use only a p a r t of a 
pub l i shed p r o g r a m , or w i sh ing to modify it in c e r t a i n r e s p e c t s , need not 
lose a l l c h e c k i n g capab i l i t y . The effects of c h a n g e s in the p r o g r a m should 
be a s l o c a l i z e d a s p o s s i b l e . 

(3) E r r o r d e t e c t i o n should be e m p h a s i z e d . Al though a u t o m a t i c 
e r r o r c o r r e c t i o n is not b e l i e v e d w o r t h w h i l e , e r r o r i nd i ca t i ons should , a s 
far a s c o n v e n i e n t , a s s i s t h u m a n i s o l a t i o n and c o r r e c t i o n of the e r r o r s . 
E r r o r s of t y p e s e x p e c t e d to be p a r t i c u l a r l y l ike ly , such a s t r a n s p o s i t i o n s 
of s y m b o l s , w o r d s , or even whole l i n e s , should be d e t e c t e d wi th high 
eff ic iency, 

(4) M i n i m i z a t i o n of r e d u n d a n c y , though d e s i r a b l e , is s u b o r d i n a t e 

to the p r e c e d i n g t h r e e goa l s . 

A s c h e m e for g e n e r a t i n g and i n s e r t i n g c h e c k da ta of t h i s type into 
Algol p r o g r a m s has b e e n deve loped , p r o g r a m m e d for the L G P - 3 0 c o m p u t ­
e r , and t e s t e d on a few s a m p l e s . It was found to d e t e c t e r r o r s s a t i s f a c ­
t o r i l y wi th a p p r o x i m a t e l y 18% r e d u n d a n c y . Study of the r e s u l t s i nd i ca t ed 
that the r e d u n d a n c y could be r e d u c e d by a l m o s t t w o - t h i r d s wi th l i t t l e l o s s 
in p o w e r . A p r o g r a m for the r e v i s e d v e r s i o n has been w r i t t e n and is 
be ing t e s t e d . 
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B R e a c t o r F u e l s D e v e l o p m e n t 

1 C o r r o s i o n Studies 

a- A l u m i n u m P o w d e r ^j^bing in C o r r o s i o n T e s t i n g - A r m o u r 
R e s e a r c h F"^Wdation has suppl ied about 60 ft of two new b a t c h e s of 
powder p roduc t tubing (Alloy A288 - 1 w / o Ni, 0,5 w / o F e , 0,1 w / o Ti ) : 
one m a d e f rom the a s - a t o m i z e d a l loy powder and the o the r m a d e f r o m 
powder that had been ba l l m i l l e d 48 h o u r s , A s h o r t t e s t a t 350°C m 
wa te r ind ica ted no c a t a s t r o p h i c f a i l u r e for e i t h e r type of tub ing . A l o n g e r 
m o r e ca re fu l ly c o n t r o l l e d t e s t has b e e n s t a r t e d a t 290°C, the t e m p e r a t u r e 
of m a x i m u m a t t a c k for m o s t low s i l i con a l u m i n u m powder p r o d u c t s . 
A c c e l e r a t e d edge c o r r o s i o n , t yp i ca l of p r e v i o u s l y t e s t e d tub ing , r e q u i r e s 
f rom 60 to 100 days be fo re it is a p p a r e n t , so the new tubing canno t be 
eva lua ted unt i l a f ter tha t pe r iod of t i m e . 

An Alcoa powder p r o d u c t tube f r o m an old b a t c h w a s v a c u u m 
heat t r e a t e d (550°C - 2 h o u r s ) to r e m o v e hyd rogen . I ts r e s i s t a n c e to 
b l i s t e r a t t a c k and a l s o to the a c c e l e r a t e d edge c o r r o s i o n m o d e of f a i l u r e 
w e r e s ign i f ican t ly i n c r e a s e d . S a m p l e s of the A R E tubing m e n t i o n e d above 
have a l s o been given th i s t r e a t m e n t b e f o r e c o r r o s i o n t e s t i n g . 

b. Z i r c o n i u m Al loys for S u p e r h e a t e d S t e a m - H y d r o g e n a n a l y s e s 
ind ica te that it is p o s s i b l e to k e e p the h y d r o g e n con t en t r e l a t i v e l y low m 
c o r r o d i n g z i r c o n i u m a l l o y s . F o r e x a m p l e , the Z r - 1 w / o F e - 1 w / o Cu a l l oy 
a b s o r b e d l e s s than 8% of the c o r r o s i o n p r o d u c t h y d r o g e n d u r i n g s e v e n days 
in s u p e r h e a t e d s t e a m at 540°C and 600 ps i . This i s the s m a l l e s t a m o u n t of 
hydrogen a b s o r b e d in any a l loy p r o d u c e d to da t e , and th i s a l l oy had the 
lowes t c o r r o s i o n r a t e 

Some t i t a n i u m - c o n t a i n i n g a l l oys (with r e l a t i v e l y good c o r r o s i o n 
r e s i s t a n c e ) spec i f i ca l ly d e s i g n e d to have low h y d r o g e n p i ckup a l s o show 
low (25%) hydrogen a b s o r p t i o n af ter 7 days a t 540°C, 

c Lightweight Alloy for Liquid M e r c u r y - The u t i l i z a t i o n of 
p r o p e r add i t i ve s or i n h i b i t o r s in m e r c u r y to r e d u c e the c o r r o s i o n a t t a c k 
on t i t an ium is a t t r a c t i v e b e c a u s e it p e r m i t s us ing r e a d i l y a v a i l a b l e l i gh t -
•weight m a t e r i a l s 

R e c e n t t e s t s , the r e s u l t s of which a r e g iven in T a b l e XI. con­
ducted with s a t u r a t e d so lu t ions of a d d i t i v e s in m e r c u r y a t 37 1°C in P y r e x 
g l a s s c a p s u l e s r e v e a l e d aga in tha t z i r c o n i u m is one of the m o s t p r o m i s i n g 
add i t i ve s for r educ ing a t t a c k by m e r c u r y on t i t a n i u m in a s t a t i c s y s t e m . 
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Contact T: 
Days 

7 
14 
14 
14 
14 

in 

ime, 

M l ercury at 37 1°C, 

Additive to 
Mercury 

None 
F e 
Cu 
Z r 
Mg 

with Addit ives 

Specimen Weight 
Los !S, mg/cm 

26,20 
1.37 
1.09 
0.56 
1.43 

Chemical analyses to determine concentrations of the inhibitors 
and the amounts of titanium dissolved in the mercury are now in progress . 

2. Nondestructive Testing 

a. Neutron Techniques - During the past month efforts have been 
extended toward improving understanding of the image sharpness qualities 
which can be obtained using various detection methods. Much of the effort 
was directed toward improving the equipment used for this study. The 
original equipment has been modified and automated to a much greater 
degree than previously. This is expected to resul t in the assembly of 
appreciably more data in this phase of the investigation. 

The equipment now seems to be in good order and reproducible 
data can be obtained. One result which has come out of the early studies 
making use of this equipment is that, from an image sharpness point of 
view, gadolinium screens of 0.0005 in. and 0.001 in. thicknesses yield better 
neutron radiographs than do 0.002 in. screens . There is also a good indica­
tion that the use of a 0.005 in. lead intensifying screen with a thin gadolinium 
screen for direct exposure neutron radiography yields as good image sharp­
ness as the gadolinium alone. The lead screen technique would be preferred 
because of its increased speed. 

b Radiographic Technique - Several clad plates were examined by 
an X-ray fluorescence technique for homogeneity. Beta radiation from a 
Sr'O-Y"' source was used to excite k X-rays from uranium m the core. 
Since calculations show that about 97% of the pr imary ji radiation is absorbed 
m the upper layers of clad and core, it was expected that this techmque would 
be relat ively insensitive to core thickness and only measure dispersion of the 
UO2. It was observed, however, that cladding thickness variations of the 
order of 1 mil produce variat ions as large as does a 2 or 3 percent change 
in UO2 concentration in the plate. 
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A me thod for d e t e r m i n i n g the t o t a l we igh t of U " in C P - 5 fuel 
tubes is be ing developed, A s t a n d a r d was p r e p a r e d by w r a p p i n g 16 e n ­
r i c h e d u r a n i u m foils of known U " ' con ten t a long a c a r d b o a r d tube wi th 
a l u m i n u m foil. An i n t e r m e d i a t e d i a m e t e r e n r i c h e d tube^No. E - 1 h a s b e e n 
used in th is d e v e l o p m e n t . F a b r i c a t i o n da ta g ive s the U^ con t en t a s 
75.60 g r a m s . However , the b e s t r e s u l t s ob ta ined to da te i n d i c a t e it to be 
74.84 g r a m s . The t echn ique is be ing e x a m i n e d for s y s t e m a t i c e r r o r s to 
d e t e r m i n e if the d i f fe rence f rom p r o d u c t i o n da ta is r e a l . 

c. Eddy C u r r e n t Techn iques - D e v e l o p m e n t w o r k h a s con t inued 
on the p u l s e l T f i i l d r e f l e c t i o n s y s t e m . This e l e c t r o m a g n e t i c t e s t m e t h o d 
r e p l a c e s the s i n u s o i d a l c u r r e n t s and t e s t co i l s or p r o b e s of our o l d e r 
eddy c u r r e n t t e s t s y s t e m with pu l s ed f ie lds e m a n a t i n g f r o m s m a l l a p e r ­
t u r e s in s p e c i a l m a s k s . T e s t i n f o r m a t i o n about the m e t a l l i c s p e c i m e n 
being examined is r e c e i v e d a s a s e r i e s of r e f l e c t i o n s f r o m the s u r f a c e 
and f rom ins ide the m e t a l . This s y s t e m r e p r e s e n t s a p o s s i b l e new a p ­
p r o a c h to the p r o b l e m of the e l e c t r o m a g n e t i c t e s t i n g field. 

The p u l s e d - f i e l d r e f l e c t i o n s y s t e m is now be ing u s e d to 
check the s o d i u m bond qual i ty of p l u t o n i u m - u r a n i u m - f i s s i u m a l l o y p ins 
enc lo sed in j a c k e t s m a d e f rom a v a r i e t y of m e t a l s wi th s o d i u m be ing 
the hea t t r a n s f e r agen t . A n u m b e r of p ins w e r e i n s p e c t e d wi th th i s 
equ ipment , and two w e r e then s t r i p p e d of t h e i r j a c k e t s . One showed a 
v e r y s e r i o u s unbonded a r e a ove r p r a c t i c a l l y the e n t i r e l eng th of the pin 
cove r ing about 75° of i t s c i r c u m f e r e n c e . The bond of the o t h e r pin w a s 
f a i r l y s a t i s f a c t o r y . The c o r r e l a t i o n of the v i s u a l i n s p e c t i o n wi th the 
n o n d e s t r u c t i v e t e s t s was good. This t e s t s y s t e m is a p p a r e n t l y c a p a b l e 
of provid ing a v e r y good check on s o d i u m bond qua l i ty . 

C. R e a c t o r M a t e r i a l s D e v e l o p m e n t 

1. Rad ia t ion D a m a g e in S tee l 

a. EBWR SA-212B I r r a d i a t i o n - Two c a p s u l e s con ta in ing foil 
loadings i den t i ca l to those which d e t e r i o r a t e d in an EBWR t e s t i r r a d i a t i o n 
(see P r o g r e s s R e p o r t , S e p t e m b e r 1961, A N L - 6 4 3 3 , page 44) w e r e f u r n a c e 
au toc laved to s tudy the c a u s e s of f a i l u r e . An e x a m i n a t i o n of the c a p s u l e 
con ten t s following a 1000-hr e x p o s u r e a t 600°F showed the s a m e p h e n o m e n a 
as o b s e r v e d in the i r r a d i a t e d c a p s u l e : the u r a n i u m and t h o r i u m m e t a l foi ls 
w e r e r e d u c e d to p o w d e r s and the gold foi ls a l l o y e d wi th c a d m i u m . It was 
a l s o o b s e r v e d that the c a d m i u m j a c k e t s s l u m p e d , t ha t the a l u m i n u m and 
n i cke l w i r e s and c a p s u l e wa l l s w e r e coa t ed wi th a ye l low f i lm ( p r o b a b l y 
the oxide of c a d m i u m ) , and tha t t h e r e was a heavy p i t t ing a t t a c k on the 
a l u m i n u m foil holding f ix tu re . 
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An examination of the contents of a second capsule after a 168-hr 
exposure at 500''F again revealed powdering of the uranium and thorium 
foils, a par t ia l destruction of the gold by cadmium, and a heavy pitting attack 
of the aluminum foil holding fixture. On re lease of the capsule helium, the 
escaping gas had a foul odor s imilar to that of air issuing from a t i re inner 
tube. 

Chemical analyses of the products found in the capsules are in 
progress to establish chemical reaction mechanisms which are now a prob­
lem in elevated tempera ture dosimetry. Since cadmium ratios a re still 
desired, new foil designs to contain cadmium are being prepared for addi­
tional autoclave tes t s . 

b. Magnetic and Dynamic Proper t ies - Shakedown operations of the 
FM-500 Elastomat (page 51, ANL-6473, P rogress Report, November, 1961) 
continued during the month of December. A systematic study of geometric 
and environmental factors such as influence of reluctance of the magnetic 
path on sensitivity, vibration plane, t ransducer position and inter-couplmg, 
vibration amplitude, and ambient temperature a re in progress . 

It has been qualitatively established that the t ransverse vibra­
tions damping factor is significantly influenced by gravitational effects. 
The ratio of the number of vibration cycles for a l / e amplitude decay for 
vertical to horizontal plane excitation is about 4: 5 at 6 Kcps. 

c Calculations of Radiation Damage Dose - To test the validity 
of the energy dependent model previously proposedl f^j. reporting neutron 
exposure, i r radiat ions a re being planned in grossly different reactor 
spectra. Multigroup reactor theory techniques a re used to calculate 
spectra at the locations chosen and for this purpose the model has been r e ­
vised to give more detail at the high energy end. Samples of carbon steel 
and copper single crystals will be i rradiated in the center of a CP-5 tubu­
lar fuel element, in the CP-5 core (but not surrounded by fuel), and m the 
fast spectrum of the EBR-I core. The steel is from original EBWR p r e s ­
sure vesse l mater ia l . Use of copper crystals is attractive since it allows 
shorter i r radiat ion t imes, smaller samples, and simpler testing techniques. 
Calculated rat ios of defect production and flux rates for steel are shown 
in Table XII. Those for copper a re comparable. 

^A D. Rossin, "Radiation Damage in Steel: Considerations Inv°l-mg 
the Effect of Neutron Spectra," Nuc. Sci. & Eng. J , No. 2, pp. 137-147 
(February 1961). 
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Table Xll. Calculated Ratios of Defect Product ion and Flux Rates for Steel 

Defect 
Production 

Rate* 0** > 3 Mev 0** > 1 Mev <t> > 1 Mev 

Defects 
due to 

C P - 5 Fueled Tube 100 1.0 5.7 52.8% 
K^t^-D r u e i e a luue .^^ --- o-
CP-5 Thimble 32 0.22 .4 39.4% 
EBR-1 Core Center 27 0.52 1.96 69.3% 

•Normal ized to 100 

**Normali2ed to 1 

D. Heat E n g i n e e r i n g and F lu id F low 

1. Boiling Liquid Meta l Studies 

The c o n s t r u c t i o n of a boi l ing a lka l i m e t a l loop is a p p r o x i m a t e l y 
60% comple t e . Al l m a j o r i n s t r u m e n t a t i o n has been c a l i b r a t e d for use in 
the study of the hyd rodynamic b e h a v i o r of t w o - p h a s e s o d i u m flow. The 
loop is c o n s t r u c t e d of Type 316 s t a i n l e s s s t e e l , which is l i m i t e d to s h o r t -
t e r m ope ra t i on a t 1700°F. Recen t ly a c q u i r e d i n f o r m a t i o n i n d i c a t e s tha t 
th is m a t e r i a l is s u p e r i o r to o ther f e r r o u s and even n i c k e l a l l o y s wi th the 
except ion of H a y n e s - 2 5 , which has good m e c h a n i c a l and c o r r o s i v e e n d u r ­
ance up to 1850°F and s h o r t - t e r m use to a p p r o x i m a t e l y 1950°F. T h e r e f o r e , 
the boil ing hea t t r a n s f e r loop, which wil l u t i l i ze the s a m e a u x i l i a r i e s a s 
the o r ig ina l loop, wil l be c o n s t r u c t e d of e i t he r Type 316 s t a i n l e s s s t e e l or 
H a y n e s - 2 5 . A r e f r a c t o r y m e t a l loop p laced in a v a c u u m c h a m b e r wi l l be 
des igned to inves t iga te boil ing sod ium above t h e s e t e m p e r a t u r e s (at h ighe r 
p r e s s u r e s ) up to burnout heat f luxes . 

2. Double Tube Burnout Study 

The p r e l i m i n a r y t e s t s ec t ion that had been used for debugging the 
e x p e r i m e n t a l loop was d i s m a n t l e d and it was found that the i nne r tube had 
buckled and was shor t ing a g a i n s t the outer tube . It was a l s o found that the 
upper e l e c t r i c a l t e r m i n a l of the inner tube had b r o k e n l oose b e c a u s e of a 
v e r y poor bond with the s i l ve r b r a z i n g m a t e r i a l . 

Two des ign changes have been m a d e in the new t e s t s e c t i o n nov/ 
under cons t ruc t ion : a m e c h a n i c a l t a p e r e d joint has been s u b s t i t u t e d for 
the s i l ve r b r a z e d joint; and syn the t ic s a p p h i r e s p a c e r s have been u t i l i zed 
a t the midpoin t of the t e s t sec t ion to p r e v e n t the buckl ing of the i n n e r tube . 
Changes w e r e m a d e in the power c o n t r o l for the ou te r tube . T e s t s have 
shown that th is change succes s fu l ly e l i m i n a t e d the ob jec t ionab le con t ac t 
no i se r e p o r t e d e a r l i e r . 
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3. Boiling from a Liquid-Liquid Interface 

Experimental data have been obtained for water boiling from a 
mercury surface at atmospheric p r e s s u r e . The resul t s show that super­
heats required to initiate and sustain boiling from a liquid mercury surface 
are higher than those for boiling from a solid surface. Visual observations 
revealed that there existed favored locations for bubble formation, or nuclei, 
on the mercury surface. This was probably due to the fact that in spite of 
careful precautions to preclude the introduction of contaminants into the 
system a perfectly clean liquid-liquid interface could never be achieved 
during a run. 

In an effort to explore further the process of nucleation from a liquid 
surface, tests a re being planned using an organic liquid in place of water to 
investigate the effect of different physical proper t ies . Attempts will also be 
made to change the surface condition of mercu ry by introducing solids with 
known surface charac te r i s t i c s . 

4. Two-Phase Nozzle Tests 

Tests to examine the charac ter is t ics of two-phase nozzles a re being 
planned. These nozzles have potential uses as thermal-to-kinet ic energy 
converters for use with magneto-hydrodynamic power generators . The 
initial tes ts will use flashing water and will measure the cri t ical flow rate 
through the throat and the conversion efficiency of the nozzle. The first 
test nozzle has been fabricated and the loop construction for testing of the 
nozzle is beginning. 

5. Hydrodynamic Instability 

The analog computer program applicable to either a forced or 
natural circulation system has been described m the progress repor ts for 
October and November 1961 (ANL-6454 and ANL-6473). The model is now 
being checked against loop resul ts at different p ressures and geometries . 

The latest velocity rat io correlat ion has been mcorporated into the 
model. This is extremely important since the power level at which oscil­
lations occur IS dependent upon the velocity ratio correlation. 

A se r ies of tests on an unrestr icted 2.38-cm ID test section is in 
progress m an instrumented natural circulation 1°°P ' ° f ' " " ^ ^ '̂ ^^ °"^^ ' 
of instability. A prel iminary test to vary smusoidally the inlet flow to a 
boilmg test section was successful. Frequencies of variation to two cycles 
per se'cond and 10% flow were achieved. A mechamcal driving system is 
being investigated to obtain a cost est imate for a proposed flow-to-void 
t ransfer function measurement . 
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6. Behav io r of F u e l P l a t e s in High Veloc i ty F low 

Loop t e s t s of a r e l a t i v e l y s h o r t fuel box con ta in ing thin, f lex ib le , 
p a r a l l e l , flat p l a t e s a r e p r o p o s e d . The fuel box would be in a ho lde r 
which would a l low viewing along the e n t i r e length and bo th the in le t and 
out le t ends of the fuel box. The objec t ive would be to r e p e a t unde r 
i m p r o v e d e x p e r i m e n t a l condi t ions the v i s u a l o b s e r v a t i o n s ob ta ined d u r i n g 
the 3 2 - m i l fuel box t e s t p e r f o r m e d a few m o n t h s ago . 

T h e s e o b s e r v a t i o n s wi l l be s u m m a r i z e d . N e a r what was p r e d i c t e d 
a s the c r i t i c a l d i v e r g e n c e ve loc i ty the fuel p l a t e s began to def lec t in 
g r o u p s of two ( F i g u r e 5 A ) . But the p l a t e s did not a c t u a l l y d i v e r g e , tha t i s , 

cont inue to def lec t unt i l they b r o k e or 
^ ^ — - —' obta ined a p e r m a n e n t se t by p l a s t i c flow. 
^ = ^ = 5 ^ —; - -- On the c o n t r a r y , it r e q u i r e d an i n c r e a s e 
^ ^ Z- ^ ~ " in coolant ve loc i ty to obta in a l a r g e r 
— '-__ -^ ~E ~ -^ d e f o r m a t i o n . Upon i n c r e a s i n g the v e l o c i -

A B "̂  ty, a qui te unexpec ted second c r i t i c a l 
ve loc i ty was r e a c h e d w h e r e the p l a t e s 

Figure 5. Behavior of Fuel Plates in , , . , ,. 
, , . , , , , . ,., began to a r r a n g e t h e m s e l v e s m g r o u p s oi 
High Velocity Flow ^ ^ to r-

t h r e e ( F i g u r e 5B). At f i r s t , only one 
g roup of t h r e e was p r e s e n t . I n c r e a s i n g the coolan t ve loc i t y i n c r e a s e d the 
n u m b e r of g roups of t h r e e unt i l the e n t i r e box was a r r a n g e d in g r o u p s of 
t h r e e p la te s (F igu re 5C). The t r a n s i t i o n s o c c u r r e d in w a v e - l i k e m o t i o n s , 
the p la te s shifting f rom d e f o r m a t i o n s in one d i r e c t i o n to the oppos i t e l ike 
tumbl ing dominoes unti l a s t ab le conf igura t ion would be ob ta ined . By 
fur ther i n c r e a s i n g the coolant ve loc i ty a point was r e a c h e d w h e r e g r o u p s 
of four p la tes were o b s e r v e d . At the m a x i m u m obta inab le coolan t v e l o c i t y 
g roups of t h r e e and four p l a t e s w e r e o b s e r v e d . L o w e r i n g the coolan t v e ­
loc i ty r e v e r s e d the p r o c e s s of p la te g roup ing . 

The pu rpose of the p r o p o s e d t e s t would be to d e t e r m i n e a s a c c u ­
r a t e l y a s poss ib le the c r i t i c a l v e l o c i t i e s for v a r i o u s f o r m s of p la te 
de fo rma t ion p a t t e r n s for d i f ferent fuel e l e m e n t d i m e n s i o n s and m a t e r i a l s . 
The t e s t then would show that fuel p la te a s s e m b l i e s could wi ths t and 
g r e a t e r coolant ve loc i t i e s than the c r i t i c a l d i v e r g e n c e v e l o c i t y and do so 
in s tab le de fo rmed p a t t e r n s . The t e s t would a l s o a t t e m p t to ve r i fy s o m e 
p roposed r a t i o s for hydrau l i c fuel p la te d e f o r m a t i o n s and p r o v i d e c r i t i c a l 
va lues of the r a t i o s . 

E. S e p a r a t i o n s P r o c e s s e s 

1 • F lu id iza t ion and F l u o r i d e Vola t i l i ty S e p a r a t i o n s P r o c e s s e s 

a. F l u o r i d e S e p a r a t i o n s - I r r a d i a t e d u r a n i u m oxide fuels wi l l 
conta in mixed oxides of u r a n i u m and p lu ton ium. A s tudy of the r e m o v a l of 
plutonium f rom mixed oxides of u r a n i u m and p lu ton ium by r e a c t i o n wi th 
f luor ine is being cont inued. The ox ides w e r e p l aced in a n i c k e l boa t in a 
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h o r i z o n t a l tube f u r n a c e . F l u o r i n e was c i r c u l a t e d t h r o u g h the fu rnace a t 
800 m l / m i n for 10 h o u r s ; the r e a c t i o n t e m p e r a t u r e w a s 450='C. Both a l u m i ­
na and n i c k e l f luor ide p r o v e d to be s u i t a b l e for u s e a s i n e r t so l id s in the 
f luo r ina t ion s t e p in the a b s e n c e of f i s s i o n p r o d u c t e l e m e n t s . No i n c r e a s e 
in r e t e n t i o n of e i t h e r u r a n i u m or p l u t o n i u m upon f l uo r ina t i on of the m i x e d 
oxides a t 450°C for t en h o u r s o c c u r r e d a s a r e s u l t of the p r e s e n c e of 
0.5 weight p e r c e n t z i r c o n i u m t e t r a f l u o r i d e and t h r e e weight p e r c e n t n i c k e l 
f luor ide in A l u n d u m . The p r e s e n c e of t h e s e a d d i t i v e s r e s u l t i n g f rom 
f luo r ina t i on of the r e a c t i o n v e s s e l or f r o m the dec l add ing s t e p would not 
i n t e r f e r e wi th p l u t o n i u m r e m o v a l . About 0.5 p e r c e n t a l u m i n u m f luor ide 
was f o r m e d on the s u r f a c e of A l u n d u m by the a c t i o n of f luor ine for ten 
hour s a t 450°C. The u s e of a l u m i n u m f luo r ide a s the i n e r t so l id r e s u l t e d 
in r e t e n t i o n of u r a n i u m and p l u t o n i u m of 0.06 and 0.18 weight p e r c e n t , 
r e s p e c t i v e l y . Th i s r e t e n t i o n on a l u m i n u m f luor ide is of the s a m e o r d e r of 
magn i tude p r e v i o u s l y found us ing z i r c o n i u m t e t r a f l u o r i d e a s an i n e r t so l id . 

P l u t o n i u m is r e t a i n e d on the f l uo r ina t ed Alundum which is 
c o v e r e d wi th a th in l a y e r of a l u m i n u m f luo r ide . Alundum r e s i d u e s f rom 
f luor ina t ion e x p e r i m e n t s con ta in ing v a r y i n g a m o u n t s of p lu ton ium w e r e 
p y r o h y d r o l y z e d a t 1000°C for two h o u r s a f te r which they w e r e f luo r ina ted 
for 10 h o u r s a t 450°C. About half the p lu ton ium was r e m o v e d f rom r e s i ­
dues which w e r e r e l a t i v e l y low in p lu ton ium, 0.04 to 0.06 p e r c e n t . In 
o r d e r to show tha t t h i s r e m o v a l canno t be a t t r i b u t e d e n t i r e l y to the a d d i ­
t ional f l u o r i n a t i o n t i m e , one p o r t i o n of an A l u n d u m r e s i d u e which in i t i a l ly 
con ta ined 0.202 p e r c e n t p lu ton ium, con ta ined 0.170 p e r c e n t p lu ton ium af ter 
an a d d i t i o n a l t en h o u r s of f l uo r ina t ion a t 450°C, but a n o t h e r po r t i on of the 
s a m e r e s i d u e con t a ined only 0.051 p e r c e n t p lu ton ium following s u c c e s s i v e 
p y r o h y d r o l y s i s for two h o u r s a t 1000°C and f luo r ina t ion for ten h o u r s a t 
450°C. T h i s i n d i c a t e s tha t p y r o h y d r o l y s i s can be u t i l i zed to l i m i t the l o s s e s 
of P lu ton ium in the A l u n d u m d i s c a r d e d a s w a s t e af ter the f luor ina t ion p r o ­
c e d u r e of the D i r e c t F l u o r i n a t i o n Vola t i l i t y P r o c e s s . 

A s tudy of the effect of f i s s ion p r o d u c t add i t ion on the r e m o v a l 
of P lu ton ium by f l uo r ina t i on of the m i x e d oxides of u r a n i u m and p l u t o m u m 
con ta ined in i n e r t b e d s is now in p r o g r e s s . P r e l i m i n a r y ind ica t ions a r e 
that the r e m o v a l of p l u t o m u m m a y be m o r e difficult m the p r e s e n c e of 
f i s s ion p r o d u c t o x i d e s . 

b D i r e c t F l u o r i n a t i o n of U r a n i u m Dioxide F u e l - F l u o r i n a t i o n s 
of u r a n i u m 5 " — ^ ^ l ^ ^ I I I i n T T ^ ^ I ^ ^ r ^ r r i e d out a t 450°-C m a ^ - c h d i a m ­
e t e r f lu id ized bed of g r a n u l a r A lundum. C u r r e n t e x p e r i m e n t s a r e c o n -

e r n e d wi th e v a l u a t i n g the effect on caking t e n d e n c i e s of d e e p e r pe l l e 
b e d s (18 i n c h e s c o m p a r e d wi th 3 - and 6 - inch beds u s e d p r e v i o u s l y ) . In 
t h e s e p r e l i m i n a r y r u n s u s e of of f -gas r e c y c l e c a u s e d s e v e r e caking p r o b a -
Mv b e c a u s e of e x c e s s oxygen; use of n i t r o g e n a s the f luidizing gas s u b s t a n ­
t i a l l y " d ^ L d the c a k m g ' b u t fu r the r r u n s a r e n e e d e d to find o p t i m u m 
c o n d i t i o n s . 
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c S e p a r a t i o n of U r a n i u m f rom Z i r c o n i u m Al loy F u e l s 

(1) Studies on the H y d r o c h l o r i n a t i o n and F l u o r i n a t i o n S teps 
wi th F i x e d - B e d F i l t e r s - Deve lopmen t s t u d i e s on a f l u id -bed p r o c e s s for 
r e c o v e r i n g u r a n i u m f rom e n r i c h e d u r a n i u m - Z i r c a l o y a l l oy fuels a r e m^ 
p r o g r e s s . The in i t i a l s t e p invo lves h y d r o c h l o r i n a t i o n of the fuel whi le it 
is s u b m e r g e d in an i n e r t f luidized bed of s o l i d s . The z i r c o n i u m , c o n v e r t e d 
to the vo la t i l e t e t r a c h l o r i d e , p a s s e s a s a w a s t e s t r e a m to o t h e r w a s t e 
p r o c e s s i n g equ ipmen t . This r e s u l t s in s e p a r a t i o n of u r a n i u m f r o m the 
z i r c o n i u m , s ince the u r a n i u m is r e t a i n e d in the fluid bed a s the so l id t r i ­
c h l o r i d e . F ixed beds of g r a n u l a r m a t e r i a l ( c u r r e n t l y N o r t o n A l u n d u m ) 
a r e be ing t e s t e d a s high t e m p e r a t u r e f i l t e r s for r e m o v a l of the so l id 
u r a n i u m t r i c h l o r i d e . The u r a n i u m is f l uo r ina t ed to the h e x a f l u o r i d e , 
v o l a t i l i z e d out of the s y s t e m and r e c o v e r e d . 

Eva lua t ion of a combined up-f low and down-f low f i l t e r 
bed s y s t e m in s e r i e s wi th the r e a c t i o n (f luidized) bed is in p r o g r e s s . 
In i t i a l r e s u l t s showed 0.1 p e r c e n t u r a n i u m los s of the u r a n i u m c h a r g e , 
s i m i l a r to that a c h i e v e d in s e p a r a t e up-f low and down-f low f i l t e r t e s t s 
r e p o r t e d in the N o v e m b e r , 1961 P r o g r e s s R e p o r t . The f i r s t c o m p l e t e 
u r a n i u m m a t e r i a l b a l a n c e m a d e on a h y d r o c h l o r i n a t i o n of u r a n i u m -
z i r c o n i u m a l loy ind ica ted that e s s e n t i a l l y a l l of the u r a n i u m wh ich 
r e a c t e d r e m a i n e d in the r e a c t o r s y s t e m , thus c o n f i r m i n g the low l o s s 
da ta . The m a j o r po r t ion of u r a n i u m r e m a i n e d in the b e d s whi le a p p r o x i ­
m a t e l y ten p e r c e n t of it was on r e a c t o r s u r f a c e s . S e v e r a l s t a i n l e s s s t e e l 
c o m p o n e n t s of the s y s t e m suf fered s e v e r e c o r r o s i o n du r ing 
h y d r o c h l o r i n a t i o n - f l u o r i n a t i o n c y c l e s ; they a r e being r e p l a c e d wi th n i c k e l 
c o m p o n e n t s . 

(2) F l u i d - B e d H y d r o l y s i s of Z i r c o n i u m T e t r a c h l o r i d e - In a 
p r o p o s e d p r o c e s s for r e c o v e r i n g u r a n i u m f rom low u r a n i u m - Z i r c a l o y 
a l l o y s , the p r i m a r y off-gas ^vill conta in vo l a t i l e z i r c o n i u m t e t r a c h l o r i d e 
p r o d u c e d dur ing h y d r o c h l o r i n a t i o n of the a l loy . The c o n v e r s i o n of z i r ­
con ium t e t r a c h l o r i d e to z i r c o n i u m dioxide by r e a c t i o n wi th s t e a m in a 
f lu id-bed r e a c t o r is being s tudied a s a m e a n s of p r o c e s s i n g th i s o f f - g a s . 
C u r r e n t s t ud i e s a r e i nves t iga t ing w h e t h e r the r e a c t i o n o c c u r s p r i n c i p a l l y 
on the s u r f a c e p rov ided by the bed p a r t i c l e s or in the gas p h a s e . In i t i a l 
t e s t s with b e d s of sand ind ica ted the r e a c t i o n o c c u r r e d p r i m a r i l y in the 
gas p h a s e . Other bed m a t e r i a l s wi l l be t e s t e d . 

2. G e n e r a l C h e m i s t r y and C h e m i c a l E n g i n e e r i n g 

a. C o n v e r s i o n of U r a n i u m Hexaf luo r ide to U r a n i u m Dioxide -
Two-S tep F l u i d - B e d P r o c e s s - In a t t e m p t s to m i n i m i z e s o l i d s d e p o s i t i o n 
on r e a c t o r s u r f a c e s dur ing the r e a c t i o n of s t e a m wi th u r a n i u m h e x a f l u o r i d e , 
o p e r a t i o n s at h igher t e m p e r a t u r e s (500°C r a t h e r than 200°C) a r e be ing 
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1 
t e s t e d . P r e l i m i n a r y r e s u l t s a f t e r 3— h o u r s of runn ing wi th a hexaf luor ide 
r a t e of 100 g / m i n and a 90 -10 s t e a m - h y d r o g e n s t r e a m gave a b l ack p roduc t 

i nd i ca t ive of U3O8. 

A n a l y s e s of powde r s a m p l e s t a k e n without e x p o s u r e to a i r f rom 
one of the long u r a n y l f l uo r ide p r o d u c t i o n r u n s showed wa te r con ten t s (by 
K a r l F i s h e r m e t h o d ) of 0.016 p e r c e n t in the bed m a t e r i a l and 0.18 p e r c e n t 
in the o v e r h e a d f i ne s . X - r a y d i f f rac t ion a n a l y s e s of the fines gave p a t t e r n s 
of only a n h y d r o u s u r a n y l f l u o r i d e . 

b . P r e p a r a t i o n of U r a n i u m M o n o c a r b i d e - A to ta l of 1500 g r a m s of 
u r a n i u m m o n o c a r b i d e was p r e p a r e d in t h r e e b a t c h e s by addi t ion of c a r b o n 
to z i n c - m a g n e s i u m s o l u t i o n s of u r a n i u m . Dry g r ind ing and v a c u u m s i n t e r ­
ing r e s u l t e d in a p r o d u c t wi th a dens i t y of 88 p e r c e n t of t h e o r e t i c a l . M e t a l ­
l og raph i c e x a m i n a t i o n i n d i c a t e d t r a c e s of u r a n i u m m e t a l , but no u r a n i u m 
d i c a r b i d e . P r e l i m i n a r y e f for t s to p roduce u r a n i u m m o n o c a r b i d e by p r e c i p i ­
ta t ion f r o m l iquid c a d m i u m have not p r o v e d s u c c e s s f u l . 

3. C h e m i c a l - M e t a l l u r g i c a l P r o c e s s Studies 

a. L iqu id M e t a l Solvent S tudies - The so lubi l i ty of u r a n i u m in 
l iquid i nd ium ove r the r a n g e of 455° to 720°C m a y be r e p r e s e n t e d by the 
equat ion 

log (a tom p e r c e n t u r a n i u m ) = 3.78 - 5150 T 

The so l id p h a s e in e q u i l i b r i u m with the solut ion was found to be UIn3. 

The c o p r e c i p i t a t i o n of r u t h e n i u m by u r a n i u m f rom m a g n e s i u m -
zinc s o l u t i o n s has been d i s c u s s e d p r e v i o u s l y (see October P r o g r e s s R e p o r t , 
A N L - 6 4 5 4 ) It was no ted tha t the r e s u l t s ind ica ted that the c o p r e c i p i t a t i o n 
coeff ic ient of r u t h e n i u m by 7 - u r a m u m was d i f ferent f rom the coeff icient for 
8 - u r a n i u m . The p r e s e n t s tudy was u n d e r t a k e n to ver i fy t h e s e f m d m g s . 
P r o v i s i o n a l v a l u e s for the c o p r e c i p i t a t i o n coeff ic ient of r u t h e n i u m by 
u r a n i u m f r o m m a g n e s i u m - z i n c so lu t ion a r e 0.3 at 752°C and 0.8 a t 810 C. 
At 752°C, p - u r a n i u m is b e l i e v e d to be the c a r r i e r , w h e r e a s at 810 C, 
7 - u r a n i u m is p r o b a b l y the c a r r i e r . 

The m u t u a l so lub i l i ty of lead and zinc f rom 650° to 802°C was 
m e a s u r e d by s a m p l i n g the c o e x i s t e n t l iquid p h a s e s . J h e data m d i c a t e that 
the c o n s o l u t e t e m p e r a t u r e is above 784° and below 802 C. 

The f ree e n e r g y (Gibbs) of f o rma t ion of the u r a n i u m - t i n 
i n t e r m e t a l l i c compound USn3 was d e t e r m i n e d a s a function of t e m p e r a t u r e 
ove r the r a n g e of 373° to 677°C by m e a n s of the ga lvan ic ce l l me thod . The 
f r ee e n e r g y of f o r m a t i o n AGf° m a y be r e p r e s e n t e d by the following equat ion 

AGf° ( c a l / m o l e ) = -39 ,180 + 9.499 T + 3.062 x 1 0 - T^ . 
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At 500°C, AGf° = -31.65 k c a l / m o l e , the en tha lpy AHf° = -39,OQ and the 
e n t r o p y of f o rma t ion ASf° = -9 .97 c a l / ( d e g K)(mole) . 

The p h a s e r e l a t i o n s in the l a n t h a n u m - c a d m i u m s y s t e m w e r e 
s tud ied by m e a n s of the r e c o r d i n g effusion b a l a n c e . The s tudy c o n f i r m e d 
the e x i s t e n c e of LaCdi i and LaCd j . A new p h a s e , LazCd, , was found. A l l 
t h r e e p h a s e s a p p e a r e d to have qu i t e n a r r o w r a n g e s of h o m o g e n e i t y . No 
ev idence of the e x i s t e n c e of LaCd^ and LaCd3 was found, a l t h o u g h t h e i r 
e x i s t e n c e migh t be expec t ed f rom the b e h a v i o r of o the r l ight r a r e e a r t h -
c a d m i u m s y s t e m s . 

b. C a l o r i m e t r y - A value of - 2 7 0 . 1 0 ± 0.24 k c a l / m o l e was 
ob ta ined for the s t a n d a r d hea t of f o r m a t i o n AHf°(25°C) for b o r o n t r i f l u o r i d e 
g a s . 

C a l o r i m e t r i c s t u d i e s to d e t e r m i n e the hea t of f o r m a t i o n of 
hexagona l b o r o n n i t r i d e have been c o m p l e t e d . A r e v i s e d va lue of 
-210 .46 ± 0.68 k c a l / m o l e was ob ta ined for the hea t of c o m b u s t i o n of 
hexagona l b o r o n n i t r i d e wi th f luor ine . When th i s va lue is c o m b i n e d wi th 
the va lue for the heat of f o r m a t i o n of b o r o n t r i f l u o r i d e gas 
(-270.10 ± 0.24 k c a l / m o l e ) , a va lue of -59 .64 ± 0.72 k c a l / m o l e is ob ta ined 
for the hea t of f o rma t ion AHf°(25°C) for h e x a g o n a l b o r o n n i t r i d e . 

C a l o r i m e t r i c s t ud i e s to d e t e r m i n e the hea t of c o m b u s t i o n of 
s i l i con powder and of l a r g e c r y s t a l s of s i l i con have b e e n c o m p l e t e d . 
After c o r r e c t i o n s for i m p u r i t i e s w e r e m a d e , e ight e x p e r i m e n t s wi th 
powdered s i l i con ( l ess than 100 m e s h ) gave a va lue for the h e a t of c o m ­
bus t ion of -13 .708 ± 0.009 k c a l / g and five r u n s with the l a r g e c r y s t a l s of 
s i l i con gave a hea t of c o m b u s t i o n of -13 .721 ± 0.008 k c a l / g . The va lue 
obta ined for the l a r g e c r y s t a l s of s i l i con is c o n s i d e r e d to be m o r e r e l i a b l e 
s i nce the amoun t of i m p u r i t i e s in the l a r g e c r y s t a l s was m u c h s m a l l e r 
(about —) than in the powdered s i l i con . A p r e l i m i n a r y va lue for the 

6 
Standard hea t of fo rma t ion of s i l i con t e t r a f l u o r i d e was found to be 
-386 .02 + 0.24 k c a l / m o l e for the r e a c t i o n Si(c) + 2F2(g) = SiF4(g). Th i s 
va lue d i f fers c o n s i d e r a b l y f rom the va lue (-372.9 k c a l / m o l e ) r e p o r t e d 
e l s e w h e r e , f 

P r e l i m i n a r y v a l u e s for the hea t s of f o r m a t i o n of bo th a m o r ­
phous (g l a s sy ) s i l i ca and a l p h a - q u a r t z w e r e ob ta ined . The h e a t of f o r m a ­
tion AHf°(25°C) for g l a s s y s i l i ca was found to be -215 .98 ± 0.30 k c a l / m o l e 
and a va lue of -217 .76 ± 0.34 k c a l / m o l e was ob ta ined for a lpha q u a r t z . 
The new va lue for a l p h a - q u a r t z d i f fers c o n s i d e r a b l y f r o m the o l d e r a c c e p t e d 
va lue of -209 .9 k c a l / m o l e , and s u b s t a n t i a t e s the bel ief tha t the o lde r v a l u e 
is in e r r o r . 

Jo in t A r m y - N a v y - A i r F o r c e I n t e r i m T h e r m o c h e m i c a l T a b l e s , Vol . 2, 
D e c e m b e r 31, I960, compi l ed by the Dow C h e m i c a l Company , T h e r m a l 
L a b o r a t o r y , Midland, Mich igan . 
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Values for the heats of combustion and heats of formation of 
zirconium hydride and zirconium deuteride (see October Progress Report, 
ANL-6454) were revised after correct ions were made for the impurities 
(mainly oxygen) in the samples. The revised values a re as follows: 
(l) the standard heat of combustion AEc°(25°C) for zirconium hydride is 
-3123 ± 3.26 cal /g and the heat of formation AHf° (25°C) is 
-37.72 ± 0.72 kcal /mole; and (2) the standard heat of combustion for z i r ­
conium deuteride is -3066.22 ± 2.63 cal /g and the heat of formation is 
-39.00 ± 0.64 kcal /mole . 

From a prel iminary ser ies of combustions of magnesium in 
fluorine, a tentative value of -265 kcal /mole was obtained for the heat 
of formation of magnesium fluoride. An additional ser ies of runs is being 
planned in which refinements in technique are expected to yield resul ts 
of higher accuracy. 

F. Advanced Reactor Concepts 

1. Fast Reactor Test Facility (FARET) 

The general engineering and physics parameters for an experi­
mental facility to test character is t ics of advanced fast reactors are being 
examined. These studies are directed toward a preliminary design of a 
test facility showing general feasibility. 

a. Facili ty Design - The reactor vessel has been redesigned to 
guide the incoming sodium down an annulus for maintaining lower reactor 
vessel wall temperature . Thus high operating coolant temperatures may 
be achieved while permitting the use of conventional materials 
(AISI Type 316 stainless steel) for the reactor vessel . 

To maintain the sodium purity at all times a cold trap and a 
hot t rap system has been proposed. Approximately 50 gpm (3 l i te r / sec) 
of sodium will be bypassed to the cleanup system. The cold t rap would be 
employed for system temperatures less than 1200°F (650°C) and the z i r ­
conium hot t raps for higher temperatures . 

b Heat Transfer, Fluid Flow, Stress Analysis - A more detailed 
analysis was-l^^i^d^^Hh^T^dm^^eakage problem at the discharge plenum 
region of the reactor vessel (discussed in ANL-6473. Progress Report 
for November, 1961). The leakage is due to the clearance between the 
hexagonal fuel element extensions and to the plenum pressure which 
L r c e s the sodium through the pr imary heat exchanger The advantage of 
the p re s su re breakdown prmciple at this point lies m its independence of 
sodium level control in the reactor vessel, which would be necessary for 
J r a v " ^ flow. It was found that the leakage flow rates would be approximately 



8% of the to ta l m a x i m u m p r i m a r y s y s t e m flow r a t e for c l e a r a n c e s b e t w e e n 
the fuel e l e m e n t ex t ens ions of the o r d e r of — in. (0.08 cm) , a p l e n u m p r e s ­
s u r e of 3 ps ig (0.21 k g / c m ' ) , and a c o r e of 300 E B R - I I s i z e a s s e m b l i e s . In 
addi t ion , a p p r o x i m a t e l y 6% of the r e a c t o r in le t flow r a t e (at t e m p e r a t u r e ^ = ^ 
650°C) would have to be m i x e d with the l e akage f lowra te ( t e m p e r a t u r e - 760 C) 
to m a i n t a i n the r e a c t o r v e s s e l wa l l t e m p e r a t u r e and c o r r e s p o n d i n g a l l o w a b l e 
code s t r e s s to a c c e p t a b l e va lue s for l imi t ing m o d e s of o p e r a t i o n [700°C, 
3500 ps i (250 k g / c m ^ ) ] . The b y p a s s flow r a t e (14% of to ta l ) would be r e ­
t u r n e d to the m a i n coolant pump tank. F u r t h e r s t u d i e s a r e m p r o g r e s s to 
effect a r e d u c t i o n in the b y p a s s flow r a t e . 

c Shielding A n a l y s i s - A s tudy was m a d e to d e t e r m i n e the effect 
of a two-foot m a g n e t i t e sh ie ld enc los ing the c o n t r o l rod m e c h a n i s m s p a c e 
i m m e d i a t e l y above the top cover of the r e a c t o r v e s s e l . The r o d m e c h a n i s m s 
in the e n c l o s u r e w e r e a s s u m e d to be i r r a d i a t e d by a n e u t r o n flux which p e n e ­
t r a t e s a 6-in. (15 -cm) th ick s t e e l top cove r p la t e . The m a x i m u m fas t flux 
leaving the m a g n e t i t e sh ie ld was c a l c u l a t e d to be 5 x lO' n / ( c m ^ ) ( s e c ) . 
S c h e m e s a r e being studiyfed to r e d u c e this flux by a combina t i on of a d d i t i o n a l 
sh ie ld ing and d i s t a n c e . 

The flux above the s t e e l top cover was d e t e r m i n e d to be 
7.2 X 10 'n / (cm^) ( sec ) . It was e s t i m a t e d tha t the r a d i a t i o n f rom the ac t i v i t y 
of the s t e e l of the cover and that of the c o n t r o l m e c h a n i s m s could s t i l l be 
t o l e r a t e d a f te r one yea r of ope ra t i on . 

d. Reac t i v i t y Coefficients - Reac t i v i t y effects of an oxide fueled, 
s o d i u m - b o n d e d and cooled c o r e due to change in fuel dens i t y with t e m p e r a ­
t u r e have been comple t ed for v a r i o u s c o m p o s i t i o n s and s i z e s . The r e s u l t s 
a r e l i s t ed in Table Xl l l for v a r i o u s f u e l / c o o l a n t / s t r u c t u r e c o m p o s i t i o n , 
e n r i c h m e n t , v o l u m e , and L / D r a t i o s . The r e a c t i v i t y change is b a s e d on 
ca l cu l a t ed s y s t e m s whose t e m p e r a t u r e s differ by about 2000°C. The effect 
of d i s p l a c e m e n t of sod ium due to the r a d i a l expans ion is inc luded m the 
computa t ion . This i n c r e a s e s the magn i tude of the nega t i ve coeff ic ient by 
someth ing l e s s than 5%. The r e a c t i v i t y change a p p e a r s to be a l i n e a r 
function of the in i t i a l r a d i a l l e akage . 

Table XIII. Fuel Expansion Coefficient for F A R E T - T y p e Oxide Cores 

Core Volume 
Frac t ion 

Composit ion 
PuOz-UOj/Na/Nb 

40 /50 /10 
50/37.5 /12 .5 
6 6 / I 8 / I 6 
50/37 ,5 /12 ,5 
6 6 / I 8 / 1 6 
40 /50 /10 
40 /50 /10 

Enr ichment 
m % Pu 

23.2 
17.9 
13.6 
13.6 
13.6 
13.6 
13.6 

Volume 
in L i t e r s 

234 
2 6 3 

310 
6 7 3 

3 0 4 

1300 
1520 

L/D 

1.26 
1.19 
1.09 
1. 123 

. 8 8 

1.10 
.472 

Core Leakage 

Radia l 

.354 

.302 

.2346 

.220 

.212 

.212 

.119 

Axial 

.107 

.096 

.082 

.073 

.103 
,075 
.139 

A K / ^ T / T 

-1.397 X 10^^ 
-1.227 X 10"^ 
-9.512 X 10"^ 
-8 .804 X 10" ' 
-8.70 X 10" ' 
-8.12 X 10" ' 
-5 .3 X 10" ' 
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^ D i r e c t C o n v e r s i o n S t u d i e s 

T h e c e l l d e s c r i b e d i n t h e P r o g r e s s R e p o r t f o r M a r c h , 1961 ( A N L - 6 3 4 3 ) 

w a s u s e d w i t h a t a n t a l u m e m i t t e r a n d p o t a s s i u m v a p o r . T h e c o l l e c t o r c o n s i s t e d 

of s i l v e r o x i d e o n c o p p e r . T h e v o l t a g e - c u r r e n t c h a r a c t e r i s t i c s of t h e c e l l 

w e r e t a k e n w i t h a n X - Y r e c o r d e r , a n d t h e v o l t a g e - p o w e r c h a r a c t e r i s t i c s w e r e 

p l o t t e d s h o w i n g t h e p o w e r m a x i m u m . T h e t e m p e r a t u r e s w e r e v a r i e d d u r i n g 

e a c h s e r i e s , w h i l e t h e p o t a s s i u m p r e s s u r e w a s k e p t a p p r o x i m a t e l y c o n s t a n t . 

N e x t t h e p o t a s s i u m p r e s s u r e w a s c h a n g e d a n d t h e t e m p e r a t u r e v a r i a t i o n s 

r e p e a t e d . 

T h r e e t y p i c a l g r a p h s a r e s h o w n f o r d i f f e r e n t t e m p e r a t u r e s a n d p r e s ­

s u r e s i n F i g u r e s 6, 7 a n d 8 . T h e g r a p h s l o o k v e r y s i m i l a r t o t h o s e o b t a i n e d 

w i t h c e s i u m p l a s m a c e l l . P o w e r i s d e l i v e r e d b y t h e c e l l i f t h e c o l l e c t o r i s n e g a ­

t i v e r e l a t i v e t o t h e e m i t t e r , i . e . , a t n e g a t i v e v o l t a g e s . T h e v o l t a g e c l o s e t o t h e 

s h a r p d i p of t h e c u r r e n t g i v e s a p p r o x i m a t e l y t h e d i f f e r e n c e of t h e e m i t t e r -

c o l l e c t o r w o r k f u n c t i o n 0 ^ - 0 c , a s w a s d i s c u s s e d . 0 E - 0 C i^ a b o u t 2 . 4 t o 

2 . 6 v o l t s a n d if n o l o s s e s i n t h e p l a s m a o c c u r , t h i s i s p r a c t i c a l l y t h e v o l t a g e 

for t h e p o w e r m a x i m u m . T h e w o r k f u n c t i o n of p u r e t a n t a l u m i s u s u a l l y g i v e n 

a s 4 . 1 - 4 . 2 v o l t s . H o w e v e r e l e c t r o n e m i s s i o n of t h e t a n t a l u m e m i t t e r a c t u a l l y 

u s e d g a v e a s o m e w h a t h i g h e r v a l u e of 4 . 4 v o l t s . 

S i n c e t h e c o l l e c t o r w a s c o o l e d w i t h s i l i c o n o i l , t h e t h i n l a y e r of 

p o t a s s i u m p r o b a b l y c o v e r e d t h e c o l l e c t o r a n d r e d u c e d t h e c o l l e c t o r w o r k 

f u n c t i o n c o n s i d e r a b l y . T h e s e e f f e c t s w e r e o b s e r v e d w i t h t h e c e s i u m c e l l s . 

N e g a t i v e s e c t i o n s of t h e v o l t a g e - c u r r e n t c h a r a c t e r i s t i c s w e r e o b s e r v e d f r e ­

q u e n t l y f o r d i f f e r e n t t e m p e r a t u r e s a n d p r e s s u r e s . T h e e x p e r i m e n t s a r e s t i l l 

in p r o g r e s s . 

Figure 6 

Current and Power 
Characteristics of 
Potassium Cell 
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Figure 1. Current and Power Characteristics of Potassium Cel l 
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Figure 8. Current and Power Characteristics of Potassium Cell 
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